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) Orrawa, May 1, 1916 


Sir:—I have the honour to transmit herewith a report on the 
‘“‘Water-Powers of Manitoba, Saskatchewan and Alberta.” In the report 
on “Water-Powers of Canada,” published in 1911, it was announced 
that, owing to the paucity of published or available information respect- 
ing Manitoba, Saskatchewan and Alberta, it would be necessary to 
institute a reconnaissance survey of the water-powers of these pro- 
vinces. 

This volume contains the result of reconnaissance surveys of the 
water-powers of Manitoba, Saskatchewan and Alberta, together with 
portions of the Yukon and Northwest Territories, by Leo G. Denis, 
B. Sc., E. E., of the Commission of Conservation. 

We are indebted to Mr. J. B. Challies, C. E., M. Can. Soc. C. E., 
Superintendent of the Dominion Water Power Branch, Department of 
the Interior, for the reports on the water-powers of Southern Mani- 
toba and Alberta also regarding the Bow river basin above Calgary. 


Respectfully submitted 


JAMES WHITE 


Assistant to Chairman 


Sir CiirForp Sirton, K.C.M.G. 
Chairman 
Commission of Conservation 
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Water-Powers 


OF 


Manitoba, Saskatchewan and Alberta 


INTRODUCTION 


Commission of Conservation in 1911, the subject was treated in a 

fairly complete manner with regard to the eastern provinces, but 
the information covering the Prairie Provinces and British Columbia 
was admittedly very incomplete, and the Commission, then, decided to 
publish, later, more exhaustive reports on the water-powers of those 
portions of the Dominion which had not been treated in detail in the 
above mentioned publication. 

The present report covers the portion of Canada embraced in the 
three Prairie Provinces together with certain portions of the Yukon 
and Northwest Territories. When the compilation of “Water-Powers 
of Canada” was undertaken the information respecting water-powers 
in the Prairie Provinces was very limited, and, except explorations 
by the Geological Survey, preliminary work of the Dominion Water 
Power branch and some scattered information available through the 
courtesy of consulting engineers or private corporations, little or no 
data relating to the subject were obtainable. This lack of information 
may be attributed to several causes, chief among which, possibly, is the 
relatively recent development of this portion of Canada; moreover, 
this development was more along agricultural than industrial lines, 
although water-power is useful to both; and, lastly, the importance of 
water-power resources has only been appreciated since the advent of 
high-tension transmission of electrical energy, coupled with the great 
industrial tendency to replace hand labour by mechanical energy. 

The Dominion Government controls the water resources of the 
Prairie Provinces and, during the past three or four years, has been 
particularly active in investigating them. The Water Power 
branch of the Department of the Interior administers the water-pow- 
ers which come under the jurisdiction of the Dominion Government, 
and has not confined itself to the regulation and supervision of pro- 
posed developments. In the territory under its jurisdiction it has 
sent out field parties to investigate many of the water-powers and to 
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establish numerous gauging stations, where regular observations are 
taken. This branch has been in active operation since 1908, and, 
during the past three years, has covered most of the rivers in the 
southern portion of these provinces. Particular attention was paid 
to the Winnipeg river, in eastern Manitoba, and to the Bow river 
and adjacent basins on the Rocky Mountain slope. Reports on these 
two districts have been prepared, under the supervision of Mr. J. B. 
Challies, Superintendent of the Dominion Water Power branch, and 
have been incorporated in the present report. 


The Irrigation branch of the Department of the Interior has also 
been actively investigating the water resources in certain portions of 
these provinces. Field investigations and irrigation surveys of various 
characters had been carried on since 1894, but systematized investiga- 
tion really began with the organization of the Irrigation branch in 
1908. The progress reports published annually contain general in- 
formation respecting streams investigated, together with results of 
stream measurements, which have become a distinct feature of the 
work. Much information gleaned from these reports has been incor- 
porated in the present volume. 


The southern or more settled portion of the Prairie Provinces is 
fairly well covered by the work of these two branches of the Depart- 
ment of the Interior. As the northern portion had not been investigated 
by any other organization, the Commission of Conservation undertook 
exploratory surveys of the principal rivers in this region, the in- 
vestigations covering the Athabaska, Peace, Slave, Nelson and other 
smaller rivers. The rivers were traversed, generally, by canoe, the 
descent of the falls or rapids being levelled, flow measurements taken, 
and other details connected with the feasibility of development noted. 
The results of these surveys are embodied in the present report. 

For the rivers further north, information was obtained from the 
reports of explorations made by the Geological Survey, the data being 
compiled from reports and maps of this branch and from the explor- 
ers’ notes, which were courteously placed at the disposal of the Com- 
mission. In this region, generally speaking, the information available 
respecting the different rapids and falls is confined to a statement of 
the vertical descent, but, in many cases, the geological formation and 
distances from head to foot of the rapids are also given, as this in- 
formation may assist in deciding the feasibility of development. 

The southern portion of the Prairie Provinces may be divided 
into three sections, having widely different water-power character- 
istics: 

1. The portion in the vicinity of lake Winnipeg, in the east. 
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2. The more level portion in the centre. 

3. The mountain and foothill country in the west. 

In the first, or eastern portion, the Winnipeg river is the main 
feature. This river, with its drainage area of 53,500 square miles, 
has a well-regulated flow and affords numerous water-powers of im- 
mense value. Two of the sites have already been developed and 
supply the city of Winnipeg with its electrical energy, while con- 
struction work on some of the other sites has either been com- 
menced or is on the eve of starting. Numerous smaller streams in 
this eastern portion also afford splendid opportunities for water-power 
development, some of them being actually utilized on the Minnedosa 
and Shell rivers. This section also includes the Grand rapids of the 
Saskatchewan river, where a head of 80 feet is available, affording an 
exceptionally good power site. 


The second, or middle portion, is traversed by two main arteries, 
the North Saskatchewan and South Saskatchewan rivers. These, with 
their main tributaries, flow with an even, moderate current with no 
concentrated descents of importance. Although, strictly speaking, this 
portion is not entirely without water-powers, yet the possibilities of 
such are rather unfavourable. In almost every case the total head 
would have to be created and several proposed developments have 
already been abandoned on account of the high cost of development. 


The third portion, of which the Bow river is typical, has many 
valuable water-powers. There are none of unusual size, those on the 
Bow river itself probably being the most important. The slopes of 
the streams, characteristic of a mountainous region, are generally 
very steep, and, while the flow of water is subject to fairly large 
variation, good opportunities for storage and artificial regulation are 
afforded. 

With regard to special measures taken by the Dominion Govern- 
ment in connection with the administration of the water-powers in 
the southern portion of the Prairie Provinces, the setting aside of the 
eastern slope of the Rocky mountains as a forest reserve, known as 
the Rocky Mountains Forest Reserve, may be mentioned first. This 
step was taken on the recommendation of the Commission of Con- 
servation, and, as a result, an area of 17,900 square miles has been 
assured protection from such denudation as has already taken place 
in some of the older provinces. All the upper tributaries of the North 
Saskatchewan and South Saskatchewan rivers have their sources 
within this area, and the beneficial effect of conserving its forest cover 
is evident as far east as the Grand rapid on the main Saskatchewan 
river. With a similar object in view, the Commission has recently 
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recommended that steps be taken to segregate, as a forest reserve, the 
upper portion of the drainage area of the Winnipeg river. This 
recommendation will doubtless be acted upon shortly, and will prevent 
the useless dissipation of the present facilities which this district offers 
for storage and conservation of run-off. This step is of particular 
significance, as the Winnipeg river affords the only water-powers of 
importance susceptible, under present conditions, of being economically 
developed and transmitted to the city of Winnipeg and the surround- 
ing district, an area that will undoubtedly become thickly populated 
within a very few years. 


Among other measures may be mentioned, also, the policy adopted 
by the Dominion Government, of reserving, on the recommendation 
of the Superintendent of the Water Power branch, all vacant Domin- 
ion lands which may be valuable for the development of water-power. 
The land is thus held from the hands of speculators and kept for 
promoters of bona fide power development. Reservations of this char- 
acter have already been made on the Winnipeg, Saskatchewan, Bow, 
Elbow, Athabaska, Peace and other rivers. 


All the water-powers in the Prairie Provinces come under the 
direct control of the Dominion Government, water-power rights being 
granted under special regulations. The full text of the regulations is 
given as Appendix VI, p. 301, from which it may be seen that all 
water-powers under federal control are “licensed” on strict conditions 
and, before the license is issued for any water-power site, or for the 
purpose of storing water, the application must go through three dif- 
ferent stages: 


1. The plans must be submitted to and approved by a com- 
petent staff (the Water Power branch of the Interior Department), 
which has been established for the purpose of investigating pro- 
posed water-power developments, from both engineering and 
economic standpoints, particularly from the view-point of their 
maximum efficiency in conjunction with other power sites on the 
same or tributary rivers. 

2. Once the plans have been approved, construction work may 
proceed under Government supervision. 

3. After the construction work is completed the license is 
granted for a limited period, the Government reserving the follow- 
ing, among other, rights: 

(a) The privilege of refusing to renew the license; 

_ (5) The right of demanding the development of power suffi- 
cient to satisfy public demand up to the full amount obtainable 
from the water-power under license; 

(c) The right of the Board of Railway Commissioners of 
Canada to fix the rates for power charged to the public. 


CHAP MER. 


Winnipeg River* 


METERING STATIONS ESTABLISHED BY THE MANITOBA 
HYDROGRAPHIC SURVEY 


SS eer 


Name of River Situation When established Remarks 

Winnipeg ...... Otter fall Gauge readings 
iiss were commenced 

Winnipeg ...... Slave falls -at Point du Bois 


in Jan., 1907, and 
these records used 
in connection with 
later discharge 
measurements at 
the two stations 


Whitemouth ... | Whitemouth May, 1912. 


WATER-POWERS IN SOUTHERN MANITOBA 


That Manitoba is richly endowed with numerous water-powers has 
been generally known, but, prior to the investigations of the Water 
Power branch of the Department of the Interior, their extent and 
magnitude had been only approximated. 

Recognizing the great value of such powers, and with a view to 
the power requirements of both the present and the future, a complete 
study has been made of certain power rivers, and is being made of 
all others throughout the province. In such studies it is the aim of the 
Department to form a comprehensive scheme, contemplating the 
maximum development of the total head available upon each river. 

The great power possibilities of Manitoba are due to the geological 
and topographical features of the province. The central portion of 
Manitoba acts as a collecting basin for the waters from an immense 
drainage area. This vast area extends from the Rocky mountains 
practically as far eastward as lake Superior; it also comprises a 
portion of the northern United States and reaches into the northerly 
lands of western Canada. 


* Practically the whole of this chapter was compiled from field investigations 
and stream flow study by the engineers of the Water Power branch of the 
Department of the Interior, under the direction of Mr. J. B. Challies, Super- 
intendent. The description of power plants was obtained directly from the 
officials operating same. See also Water Resources Paper No. 7, Depart- 


ment of the Interior. 
[5] 
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As these waters reach the central portion of the province, a depres- 
sion occurs between the prairie steppes and the Laurentian plateau, 
through which an extensive fall is available for power development. 
Lake Winnipeg forms the reservoir into which is collected practically 
all the run-off from the above-described drainage area. From this 
lake to Hudson bay the flow is concentrated in the Nelson river, in 
which a descent of 713 feet occurs. _ 

From the foregoing it is apparent that the major portion of the 
powers contained in the basin are concentrated within the lower por- 
tion of the drainage area, or, more particularly, in Manitoba. 

The powers are naturally separated into two divisions, vtz., those 
occurring on the rivers draining info lake Winnipeg, which are situ- 
ated in the older or southern portion of the province, and, secondly, 
the powers which occur in the northern portion, lying in the drainage 
from lake Winnipeg. 

It should be noted that, while on many rivers possible power con- 
centrations have been investigated, and estimates of the available 
power are given for various sites, yet, as future investigations will 
show, additional power may be available on such rivers. Again, in the 
case of other rivers, no surveys to determine the extent of concentra- 
tion available have been made, as yet, and, in these cases, where a 
record of the flow has been obtained, an estimate is made of the power 
available per foot head. In many cases the power has been estimated 
both for the extreme minimum flow and for the lowest monthly mean 
flow of the highest six months of the year, as obtained from the 
present record of discharges. 


The horse-power has been calculated for a turbine efficiency of 
80 per cent, while no estimate has been made of the power available 
during short periods of high or peak loads, since this would be impos- 
sible without a knowledge of the purposes for which the power might 
be utilized. The powers on the Winnipeg river have been considered 
on a 75 per cent efficiency basis, as explained later. 


The data for these tables, and also for the more detailed descrip- 
tion of the rivers, as given in the following chapters, have been secured 
in the field by the Manitoba Hydrometric and Power surveys, and 
office compilations of the same have been made in Winnipeg and 
Ottawa. 


Rainfall General.—Two main factors enter into the in- 
Evaporation vestigation of any possible power development—the 
and Run-off head and the flow available. While the first of these 


is obtainable through field survey, and a knowledge of the extreme 
and average stages of river level, the second comprises an extensive 
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study of the flow, which, dependent on natural conditions, varies not 
only with the season and year, but also with the topography and 
character of the drainage area. Primarily, all water carried by 
rivers comes from precipitation. Of this a portion evaporates, a por- 
tion enters the soil, and is either absorbed by plant growth, or, by 
ground flow reaches the rivers or lakes, while the remainder finds its 
way into streams as surface flow or run-off. 

Prectpitation—While the record of the run-off from a drainage 
area is of first importance in the question of power development, the 
records of the precipitation are also of extreme value, inasmuch as, 
if of a more extended period than those of the run-off, they indicate 
the high and low range of flow which may be expected. In like man- 
ner, precipitation records, in a drainage basin in which no discharge 
measurements are available, can be used for the estimation of the flow 
based on the precipitation and run-off records of an adjacent area. 

Throughout the southern portion of the province of Manitoba, 
such records have been obtained by the Meteorological Service of 
the Marine and Fisheries Department, and these records are tabulated 
below. 

It is well known that the precipitation not only shows a variation 
from season to season, but, also, that a record extending over a few 
years is not sufficient to give the mean annual precipitation; for this 
purpose, a period or cycle of long term should be considered. As 
there are only a few stations in Manitoba at which long term records 
have been obtained, it is necessary to carry out some system of com- 
pensation for the shorter records of the adjacent stations. The records 
of the precipitation at the long term stations have the same general 
features from period to period. Assuming that the variations in pre- 
cipitation are similar at both long and short term stations, the pre- 
cipitation at the short term stations has been estimated from the 
records at an adjacent long term station. The precipitation, together 
with the duration of the record, is given for various stations through- 
out the province. The ratio of all short term records has been com- 
puted from the nearest long term station, as tabulated, and a com- 
pensated annual mean for the station has been calculated. 
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MANITOBA PRECIPITATION 


RECORDS 


(This table has been compiled from the Meteorological Service records. Ten 


inches of snow have been assumed equal to 1 inch of rainfall.) 


Duration | 


S | Years 


do 


pt 
NoONNTR WA DOW OU BH UO He 


Station 8 of record 
z | 
© 
jaa 
Almasippi ..... 1903—1912 
Asessippi ..... 1,459 | 1886 
Adelpha’ ys)" 12 1,886 | 1888—1912 
Brandon iw 1,260 | 1885—1912 
Birtien me 1,707 | 1884 
Batnardo 4. 2244 1891—1905 
Berens River . 720 | 1908—1912 
Beausejour ....| 816 | 1886—1888 
Burnside so. | 874 | 1886—1890 
Craigilea’ Ju 1888 
Channel Island. |: 1890—1905 
Cartwright .... | 1,529 | 18841912 
Ciarkleteh Wo) 819 | 1886—1888 
Carberry Suen. 1,262 | 1909—1911 
Clandeboye 742 | 1884—1888 
Hikhorn sued 1,640 | 1895—1901 
Emerson iow 797 | 1894—1898 
Eden) | vow 1,306 | 1884—1887 | 
Fort Ellice .... 1885—1891 | 
Gretna wees, 831 | 1903—1910 
Citra! (ni aia ‘| 1904—1905 | 
Hillview ....... 1,400 | 1891—1912 | 
Minnedosa 1,675 | 1881—1912 
Morden (aio 990 | 1888—1912 
Norquay ...... 798 | 1888—1912| 
QOakbank (9.001 812 | 1886—1912 | 
Oakdale Park .| 740/1905 
Por. la Prairie| 857 | 1884—1908 
Pilot Mound . | 1,551 | 1887—1898 
Rapid City ... | 1,600 | 1882—1912 | 
Rasselbi ui 1,850 | 1884—1904 | 
St. Albans .... | 1,060 | 1885—1912 
Swan River .. | 1,115 | 1901—1910| 
Shell River .. \| 1884—1890 
Stony Mountain | 775 | 1878—1909 
Turtle Mountain | 2,150! 1884—1904 
Treherne Ny apleee 1,212 | 1910—1912 | 
Winnipeg ...... 760 | 1873—1912 | 
Kenora (Ont.) | 1,091 | 1886—1912 | 
Norway House 720 | 1896—1904 
York Factory.. 20 | 1875—1882 | 
Moosomin 
POS SKIA NEL Y 1,892 | 1901—1905 
Saltcoats 
Cask yee 1,736 | 1900—1903 
Pt. Arthur 
COONEY ego iid 615 | 1886—1912 


pend peed pam 


nnual mean, 


F 


3 
28 og 
Long term  |#5<q& 
mean based |e 3-2 & 
on record at |22¢ 9 
1S hu BO 
Oc s 
A ane 
Att Per cent 
Winnipeg 100 
Minnedosa 65 
Bottineau, N.D. 86 
100 
Hillview 130 
Hillview 122 
Winnipeg 52 
Stony Mountain 70 
Winnipeg 78 
Stony Mountain Tou 
Bottineau 123 
StonyMountain 86 
Minnedosa 90 
StonyMountain || 72 
Hillview 115 
Pembina, N.D 106 
Minnedosa 74 
Hillview 99 
Pembina, N.D. 94 
Bottineau 93 
Minnedosa 114 
100 
Pembina, N.D. 93 
Winnipeg 85 
100 
Minnedosa 110 
Winnipeg 93 
Pembina 93 
Minnedosa 91 
Hillview 89 
100 
Minnedosa 89 
Winnipeg 83 
Bottineau 141 
| Winnipeg 93 
100 
Win’g, Pt. Ar. 93 
| Hillview 113 
Hillview 122 


Compensated 
annual mean 
for this station 


| 


| eed eel erclrell neal 5° S° Manall S° neat 
SVQ Sanrsarees 
=CON AMARA PH RON 


21.9 


Conservation 


WINNIPEG RIVER—SILVER FALL 


WINNIPEG RIVER—MAIN WEIR FOR Pr 


TAWA CHANNEL 


WINNIPEG RIVER 9 


Evaporation.—Of the tremendous losses due to evaporation from 
the ground surface very little is known. It is impossible to arrive at 
such losses by taking the difference between precipitation and run-off, 
as in this there would also be included the losses due to absorption by 
the soil and by vegetation, and, moreover, the rate of run-off does not 
depend solely upon the precipitation. It is known, however, that a 
variation does occur in the evaporation, depending upon many factors, 
including atmospheric conditions, geological and topographical features 
of the drainage basin, and the extent of forestation and vegetation. 


A more complete study has been made of the evaporation from 
the water surface of lakes and rivers, the greatest use of such studies 
being in the investigation of storage and the losses which are likely 
to occur on such reservoirs through evaporation. That the losses on 
lake areas are very great, and often of greater extent than precipita- 
tion, is well known. 

The Water Power branch, Department of the Interior, has 
initiated a comprehensive scheme of evaporation studies throughout 
the Prairie Provinces and in British Columbia. Arrangements have 
already been made for stations at the following points,—Kenora on 
the lake of the Woods; Point du Bois fall on the Winnipeg river; 
Saskatoon; Prince Albert, in connection with the proposed power 
development at Cole fall; Edmonton ; Minnewanka lake, Rocky Moun- 
tains Park, in connection with a storage project of the Calgary Power 
Company; at Nelson, B.C., Kamloops, B.C., and Vancouver, B.C. 
One of these stations, that at Kenora, has been in operation for about 
two years, and very interesting and instructive data have been col- 
lected. The investigations will, however, have to be carried on for a 
period of three or four years before the results would justify publica- 
tion. 


Run-off —While the volume of run-off or stream flow depends 
principally upon the amount of precipitation and the area of the basin 
drained, many other factors enter therein and are of extreme 
importance, such as the geological formation and topographic features 
of the drainage area, whether of sloping land tending to give a rapid 
run-off, or of low lying, swampy areas from which the flow is more 
or less uniform; it is also dependent upon the extent of the growth 
of timber and vegetation, together with numerous other factors. 

While the studies of precipitation and evaporation and the physical 
features of a drainage area are valuable, the most accurate and reliable 
data with regard to run-off or stream flow are obtained by a sys- 
tematic gauging and metering of the flow of the stream, to secure 
the continuous run-off, extending over sufficient time to obtain the 
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extreme fluctuations. The run-off of any stream varies not only from 
season to season, but also to such an extent from year to year that the 
same conditions rarely occur on a river in any two successive years. 
Records for a cycle of at least seven years are, as a rule, necessary to 
cover the yearly variation to be anticipated. 

Not only is the study of the run-off of streams of great import- 
ance in the investigations of power possibilities, but it is also of extreme 
value in the investigation of possible reclamation of low lands through 
drainage, or the reclamation of arid lands through irrigation. Such 
a study is also necessitated on many rivers where schemes for the 
betterment of navigation are proposed. 


Prior to 1911 there had been no systematic or reli- 
Manitoba : ; 
Hydrometric able gathering of data relating to the flow of the 
Survey rivers in Manitoba. A few scattered discharge 
measurements had been made throughout the province, but not of 
sufficient extent to give information as to the continuous flow of any 
rivers as extending over various stages of their discharge. In 1911 a 
systematic study of the power possibilities of the Winnipeg river was 
inaugurated by Mr. J. B. Challies, Superintendent of the Water Power 
branch, Department of the Interior. The field work consisted of a 
detailed survey of the river and its power possibilities in Manitoba, 
and also included the establishment and maintenance of gauging stations 
thereon. In 1912 this work was extended to embrace a systematic 
study of the flow and power possibilities of all rivers throughout the 
province. For this extensive work the Manitoba Hydrometric Survey 
was organized, with Mr. D. L. McLean as chief engineer. The work 
is still being’ carried on under the supervision of the Water Power 
branch with Mr. M. C. Hendry as chief engineer. Numerous gauging 
stations were established on the rivers and streams throughout the 
province, and the collection and compilation of the data have been 
vigorously carried on. 


WATER-POWERS OF WINNIPEG RIVER* 


It has long been recognized that there is an enormous reserve of 
potential water-power on the Winnipeg river within the province of 
Manitoba. The rapidity with which the existing developments on the 
river have been, and are being, increased to their capacity, and the 
active interest that has been taken in the undeveloped power sites of 
the river, have compelled the Dominion Government to give its water- 
power resources careful consideration. Within the past few years, 


*See also Water Resources Paper No. 3, by J. T. Johnston, Chief Hydraulic 
Engineer, Water Power branch. 
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many. applications for power privileges on this river have been pre- 
sented to the Dominion Government; projects have been proposed for 
the utilization of various portions of the natural fall, some contemplat- 
ing the combination of several falls by the concentration of their 
respective descents at one power site, and others simply proposing 
the utilization of the descent at a particular fall. These have been so 
varied and so conflicting, and, at the same time, supported by such 
reputable engineering advice, that the Government found it inad- 
visable to commit itself with respect to any further developments 
on the river until it had first secured a complete survey and investiga- 
tion of the whole river, with a view to securing such information as 
would enable the authorization of developments which would con- 
template the maximum utilization of the water-powers. ‘These 
investigations were commenced early in 1911, under the consulting 
advice of J. B. McRae and J. R. Freeman. The field work has been 
carried on) under 1).) L. ‘McLean,' 5.5. ‘Scovil. and: M,C, ‘Hendry, 
successively. A study and analysis of the field plans by J. T. Johnston 
is published in Water Resources Paper No. 3. It outlines a compre- 
hensive project of hydro-electric development for the Winnipeg river 
in Manitoba. It includes the proposed concentrations of the various 
separate falls on the river which have been designed to utilize all the 
natural fall and, at the same time, make each unit a component part of 
the development project for the whole river. These investigations 
have resulted in an economical and practical project for the power 
development of the river as required by the people of southern 
Manitoba. 


Delenee Winnipeg river is one of the most notable power 
escription of ! j A : ‘ K 

River and rivers on the continent; it flows in a westerly direction, 
Drainage Basin connecting the lake of the Woods with lake Winnipeg. 
The basin drained comprises an immense area of some 53,500 
square miles. As is typical of Laurentian country, the area is dotted 
with innumerable muskegs and lakes, the latter varying in size from 
small ponds to the lake of the Woods, with an area of 1,500 square 
miles. Since practically the entire basin is of Laurentian formation, 
containing areas of overlying soil of glacial origin, certain general 
characteristics apply to the drainage basin as a whole. The country 
is rough and hilly, with large areas of rock outcrop. This latter feature 
applies in the main throughout the Winnipeg river, and lends itself 
to a characteristic formation throughout the river channel, which is of 
exceptional value in the interests of power development. The larger 
proportion of the river bed in the province of Manitoba consists of a 
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series of deep, cup-like basins, forming small, lake-like expanses, with 
little or no current. The river flow finds its way from these basins by 
falls and rapids over the rock formation, which is always in evidence 
at the outlets, and which forms both the means of egress from and 
the controlling feature of the basin water level. These falls form the 
natural power sites along the river. 

A valuable timber growth, including spruce, tamarack, birch and 
pine, occurs throughout the whole district. Lumbering is carried on 
extensively, and, in addition, pulp and paper industries have been 
established at Fort Frances and Dryden. Notwithstanding the great 
extent of rock outcrop, considerable areas are available for farming, 
particularly in the Whitemouth and Rainy River districts. While 
there are several prosperous towns in the basin, such as Fort Frances, 
Rainy River and Kenora, the greater portion of the country is still 
unsettled. | 

The upper watershed reaches to the height-of-land separating the 
Atlantic drainage from that of Hudson bay, into which the waters of 
the Winnipeg river eventually flow. North lake, which is situated on 
the international boundary, some 45 miles west of lake Superior, is 
the headwater of the main stream. From North lake the stream 
flows westward, traversing many small lakes, collecting the flow 
of numerous tributaries, and finally discharging into, Rainy lake. These 
upper waters in the main constitute a portion of the international 
boundary. Many streams, rising in lakes and muskegs, also con- 
tribute to the flow from Rainy lake. This lake has a surface of 
330 square miles, and a drainage area of some 14,400 square miles. 
Rainy river, which is the outlet, discharges into the lake of the Woods. 
Thence to lake Winnipeg, the river is known as the Winnipeg. 
Forty miles down the river from the lake of the Woods, the flow 
of the English river enters that of the Winnipeg. This tributary 
is almost of as large dimensions as the river into which it flows, as it 
drains an area of 22,000 square miles, while the Winnipeg, at the lake 
of the Woods outlet, has a drainage area of 26,400 square miles. From 
the lake of the Woods to lake Winnipeg there is a total descent of 347 
feet, 77 feet occurring above and 270 feet below the confluence with 
the English river; as this junction occurs practically at the boundary 
between Ontario and Manitoba, the combined flow of the two rivers, 
together with the greater descent as noted above, is available for power 
purposes in Manitoba. Of this head, a considerable portion is already 
being utilized by existing developments. 

Estimates of the daily flow of the Winnipeg river have been com- 
piled by the Manitoba Hydrometric Survey, based on discharge 
measurements secured by them, together with results of measure- 
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ments supplied by Col. Ruttan, D. A. Ross and the City of Winnipeg 
power engineers. These estimated discharges extend over a 
period of eight years. For this period, a maximum flow of 53,400 
second-feet and a minimum flow of 11,700 second-feet have been 
recorded. The high water marks along the shore indicate that 
floods of 100,000 second-feet have occurred, but such freshets take 
place only at rare intervals. 


The question of storage on the upper waters of 
the Winnipeg river is, at present, somewhat involved, 
inasmuch as the regulation of the lake of the Woods is 
an international question, and is now before the International Joint 
Commission. As the lake has a tributary drainage area of 26,400 
_ square miles and a surface area of 1,500 square miles, offering unex- 
celled storage facilities, it is of vital importance to the powers of the 
Winnipeg river that storage should be had on this lake. Partial 
regulation of the drainage tributary to Rainy lake is now controlled 
on Rainy lake by the dam of the Ontario and Minnesota Power Com- 
pany at Fort Frances. | | 

By the establishment of storage reservoirs on the English river, the 
flow of the latter can be regulated; and, in conjunction with storage 
on the Lake of the Woods basin, a very complete regulation of the 
flow of the Winnipeg river in Manitoba can be attained. 

During the past seven years, over which records of the flow of 
the Winnipeg river extend, a minimum flow of 11,700 second-feet 
has been recorded, while the maximum flow in the same period is 
53,400 second-feet, a range of only one to four, which is illustrative 
of the extremely low fluctuation under practically natural conditions. 
Yet, by an adequate system of storage, this flow can be so regulated 
that the minimum flow will be increased from about 12,000 second- 
feet to over 20,000. 


Storage on the 
Upper Waters 


DISCHARGE MEASUREMENTS OF WINNIPEG RIVER, NEAR 
POINT DU BOIS, MAN. 


Date | Gauge Height Discharge Remarks 
(ne eo as Sec. ft. i 
160.5* 19,876 Above Pt. du Bois falls 
162.2* 31,047 Below diversion dam 
and Pinawa channel. 
162.2* 30,600 Barrier chute. 
164.2* 41,300 Otter falls. 


* Gauge heights referred to lower gauge at Point du Bois. 
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DISCHARGE OF WINNIPEG RIVER, AT OTTER FALL, MAN. 


1907 
January 
February 


Month 
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28,170 


43,980 


40,260 
40,880 
33,440 
29,100 
37,780 
43,980 
43,980 
41,500 
39,020 
34,680 
30,340 
24,760 


43,980 


(Drainage area, 50,300 square miles.) 


Maximum|} Minimum 


26,000 
18,560 
15,500 
14,400 
14,400 
21,660 
30,340 
30,340 
34,680 
39,020 
42,120 
36,540 


14,400 


35,300 
32,820 


as ec 


——— 


Discharge in second-feet 


Per square 
Mean roe 


26,960 
22,880 
17,320 
14,590 
16,290 
28,030 
32,020 
31,340 
37,140 
42,520 
42,680 
39,500 


29,460 |, 


36,880 
36,650 
31,380 
28,500 
32,600 
41,640 
42,980 
39,560 
35,900 
33,040 
28,400 
23,340 
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DISCHARGE OF WINNIPEG RIVER, AT OTTER FALL, MAN.-- 
Continued. 


eee aaa neeetntat a Unite oni ey aeeaesianan San 


Month | bi | 
Maximum | Minimum 


mile 


1910—Con. 
B30 Olan ele) Gt ae ee 43,050 27,550 36,950 .734 
ARSC So Canbaeiss fio 4 koh cain a (6 ae 28,480 21,970 24,700 491 
eves a I MM ge ea 21,660 18,560 19,630 .390 
er 3) amet Ne LORAIN 18,250 15,500 17,000 338 
Pe CTNDEL LPT us ete ela cia |} 15,500 13,450 14,280 284 
MP GCETHDEN) ide tien sal healed ave Mol 13,450 12,400 12,920 , 

be Ph ph EM Re Lp BOOT Panay Oa 53,440 12,400 


Notr.—These discharges were obtained by using the gauge heights recorded 
at the City of Winnipeg municipal power plant, Point du Bois, together with 
the discharge measurements taken by Pratt & Ross for the Street Railway Co. 
at Otter fall. 

Gauge readings were commenced at Point du Bois on January 23, 1907, 
and hence, the discharge given for January, 1907, applies only for 9 days, and 
the year period is for 343 days. 


DISCHARGE OF WINNIPEG RIVER, AT SLAVE FALL, MAN. 
(Drainage area, 49,700 square miles.) 


a 


Discharge in second-feet 


Month 
Maximum | Minimum} Mean caching 
ile 

1911 
PARUATY Ys Dawe ROA ALU RN EE LD) 17,140 13,350 14,820 .298 
BEOPRATY, Los ries aude AU en 14,550 ;; 12,600 13,280 267 
MEAP Cla Seca nL lay aG ah 13,350) 40) L700) 22)540 MAY 
PURE a OR aE ey WAL. RR ee 0 12,950 11,700 12,390 .249 
AE § REAR AM RRMA AR Ns CHRO wy nr AAT 16,860 12,780 14,770 297 
PATER TINS AMV ALUN at Do OURUN, pur AD kal aR 19,660 16,860 18,340 .369 
Par Tpan thie eek wea ie Tenreniaey 00 OP ona ls 9 25,260 19,660 22,900 461 
PTT St hay 2 ee ay nar Mn tue ty by 26,940 25,260 26,130 .526 
SIEDLOMND ORT Ae cares oss Milo fits 25,820 24,140 24,810 499 
8 Fay 0] e7o1 RP MRE AR hee A AL OM lid SO | 27,220 24,420 25,960 tae! 
DO VETTE Hy ere ial ietaren nen ul) 25,260 20,780 22,950 462 
eeeimber 6h erey, All | lea ath) 20,500 17,980 19,330 389 

At 2 GMMR ALCS RO AALS UND 27,220 11,700 19,060 384 

1912 
VISE oh Re Ce I MAES EAE Ai Uy 22,460 17,980 20,080 404 
ES ce i, Re ie ee EEA Ee 18,540 15,800 16,840 .339 
DART ree cake Mb ine sa ura) 15,550 12,300 13,820 .278 
Pah) tA aces eee ROO BUMS UR Beh oF ae 16,200 12,700 13,570 va/3 
May Ware ee ate a cdantec nail 27,500 16,500 | 22,800 .459 
Line errr Pea he Men DC aL SAR ey 30,580 26,380 28,100 .566 
PERT oN Ry Maa od Aa a lhe YOU A, 27,220 25,820 26,380 531 
A td BASE has Ae ev as agente Wat peat 28,060 27,500 27,710 | .558 
September’: 325 fy aoa uae whew 30,860 27,500 29,410 | .592 
Oetaner sisal SERRE Mee 34,780 30,300 $3,070. 4 .666 
November ..... AR ADLER OR AIS 34,500 31,700 32,610 | .656 
LIGCETAIOT ikke aA Wha cleat eae) 30,860 28,060 29,400 .592 

PVR EH Battle oh tad fF stay Seca 34,780 12,300 ZASLO:' 4 .493 
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DISCHARGE OF WINNIPEG RIVER, AT SLAVE FALL, MAN.— 


Continued. 


Discharge in second-feet 


Month 
Maximum] Minimum| Mean Bastia tik 
1913 
PAU ALY ech a) See, OR 27,630 .563 
FODrMia ry | «see etoile tea eee 22,230 me 9) 
A es AEN I ee 16,290 .384 
YoXs) 8) GRRBEODR TRULY, LIBRIS ARI 381, fits & 16,290 
Mia rN Ree PR, SL ea eee 21,690 
Fume ee VIR a 31,950 
Salyer, 2 ea eee 26,010 
AUB TISE A CS NL ne 26,550 
September Wen 5.0 aaah re 23,040 
October fees see ee 14,940 
November iii: | UG aie ae Man 14,670 
Decembers ahs 222 Tee es 13,050 
BY Cah) Gy ROR a teN 13,050 
1914 
JaRGaby Ve he Rene Oe To 14,670 12,510 13,703 
Pepruary acs le jee eee eerste 14,440 11,700 13,230 
March eC Ra ec 14,670 11,970 13,845 
April cole eee 15,750 13,590 14,589 
Vay 51) NORTE as RP Ne eg a 23,310 14,670 18,745 
JUNE oe AE ck RS Une a 34,650 24,930 31,480 
Pa yk 6 Re ORIN eRe ni Te 35,460 33,300 34,735 
FASS Es i ce ea eee te 33,300 29,790 31,550 
September) (ici an eae Ane cpennity 29,790 24,660 26,170 
October. isa eee eu, 26,550 22,500 24,805 
November (he ris 0) ae Eten 22,700 20,610 21,230 
December. '()::egiueide (ib ie ieee 21,150 18,450 19,840 
Year hot eC eae neh 35,460 11,700 21,995 
1915 
JANUALY lik RO eee ee ea 16,903 18,209 
Febraary i304 (Oe Ree ee eR ee 16,109 17,369 
March 6h) cee en ee IER 14,791 15,816 
PDT ee el AUN AN te na 14,543 17,939 
Maye lees ose 5 calle eee Ay eae ae 23,778 28,051 
UE he echia! 30,823 32,554 
As 1 bapa MOMENI ies TN THN 33,260 36,114 
Wueust: |. 1 eae he) tees Reyer 28,388 |} 34,950 
September). \...6/ so ee ae 22,498 23,876 
October) eee 19,860 20,779 
November 04 2220220 ie ae 20,154 21,238 
December. 4.) 4G aaa eee 21,369 21,976 
RGCAT he CR ee 14543 24.072 


Notr.—These discharges were hope aed by using the gauge heights recorded 
at the municipal power plant, Point du Bois, together with the discharge 
measurements taken by the Manitoba Hydrometric Survey at Slave fall. 
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MONTHLY DISCHARGE OF aU RIVER AT WHITEDOG 


(Drainage area, 27,500 square miles) 


Discharge in second-feet 


Be Maximum | Minimum Mean _| Per square 
mile 

1913 
eRe TES PEE 2 otc es i Seisle «ols *12,600 458 
ROE ras fpr eee Lhe ee 10,500 7,300 8,250 300 
MOPPIN DCE Vos oie ca che seo ase Ges: 7,150 7,550 .274 
lve RYN ceo mn Wis Ccianal, ib ee 7,800 7,300 7,600 .276 
TAT Vinten COs sidike Ge oe 7,900 7,300 7,600 276 
5 ECC ER y Lu MLO Ma SOP SOE 7,300 6,700 6,950 | .253 
VATE Peta oe lye id eet 10,500 7,300 9,400 342 
oT FT g LM AN Ot OA DR es 8s OL AM 10,500 9,600 10,000 363 
BEAVER FoR ces kill Ur ar Pishcls 4 Nig 15,600 10,200 11,800 429 
MG aber bon fa, aban ee Ue at 21,400 15,900 19,600 713 
TSE RTE MOU iis ati CS ri i ely ee rs onan a 22,200 20,800 21,600 786 
A TRL | MNO ie Da EY ELS OLN iad Bede 21,400 16,400 19,600 .713 
CSERECHIDEE re ais Cicely des Pewee 15,700 13,300 13,800 .502 
VST) vTap a8 ta eA ee Mg | 14,200 | 10,100 12,200 444 
mrovemper te or Ble Ooo As 10,300 9,600 9,800 .356 
TIBOR RIOT oF triiark Saaee. ake ay | *Q 700 .353 

RAE LUI ASE IN: 5 ke © hte 22,200 6,700 12,700 5.530 

1915 
PMSA EME a ait heath. es ces eee | *9 830 eA | 
OMA aid OE ear Joe ote sek *10,020 364 
DESVCUT AG Ae, eee ek Ew *10,080 367 
AOU errs thda ia Peis oe at ee ents *10,450 380 
1 Ea oe VO AN be OR TRE RNY Ia *15,700 571 
PULICR ole eR ok 20,583 19,517 20,029 728 
Saly viva ete base ara eget 3 24,973 20,864 24,002 .873 
A aK Seg) 270 IAAP Bree ieee ee 24,973 18,342 22,648 .824 
DEPLOIT OEE cre Sener: occ taste 17,454 11,966 12,832 .467 
Cetohetre) iikg os tess whe eee. ok 11,853 9,749 10,304. 8 de 
Bienrem ners ees cian dec de En 10,336 9,847 10,049 365 
TICCEINDCE Paar seg cee ee 10,010 9,717 9,880. .359 


* Estimated. 
Note.—This table gives the total combined discharges, run-off, etc., for the 
North and South channels at Whitedog falls. 


Power Sites DEVELOPED 


Point du Bois fall is utilized by the city of Winnipeg to generate 
power for its municipal electric plant. The natural fall was from 33 
feet to 28 feet, depending upon the stage of the river, and the dams, 
as now constructed, increased the fall to 48 feet and 44 feet at low 
and high water stages, respectively, while the normal head is 45 feet. 
There was, originally, a stretch of slack water, eight miles long and 
about 3,600 acres in area above Thirty-foot and below Lamprey falls. 
It has been increased by the development works to 6,500 acres, and is 
of considerable advantage in the operation of the plant. 


2 


18 COMMISSION OF CONSERVATION 


The quantity of water to be utilized by this plant 
Extensions is unusual and, as a result, the power-house is con- 
Atma oe structed upon a huge scale. The building, for the 
accommodation of an equipment of a rated capacity of 47,000 h.p., 
is 252 feet long, 150 feet wide, and 100 feet high; its length is to be 
increased to 476 feet. The power-house was originally designed to 
house units of 3,000 k.w. normal rating. As a result of improvements 
in the design of water-wheels, it has since been possible to accommo- 
date wheels of greater capacity in the same wheel pits. The present 
installation consists of five units of 3,750 k.w. and three units of 5,100 
k.w. capacity, making a total of 34,050 k.w. Future extensions are 
planned which will accommodate eight additional units of 5,100 k.w. 
each. The power is generated at 6,600 volts, 60 cycles, and transformed 
up to 66,000 volts, with taps on the transformers permitting a range of 
line pressure at the generating station of from 53,000 to 72,000 volts. 
The transmission line is built over a private right-of-way 100 feet 
wide. It is 77 miles in length and traverses a varied country. The 
eastern section is typically Laurentian—rock, muskeg, and scattered 
areas of arable soil; the western section is prairie and farming country, 
large areas of which are closely wooded. A patrol road 12 feet 
wide has been built, and a considerable stretch of it has been 
corduroyed where the bottom is extremely unfirm. The line consists of 
double-circuit steel towers from 42 feet to 56 feet high, supporting 
two three-conductor circuits of 278,600 circular mills aluminum con- 
ductors and each circuit has a capacity of 11,250 k.w. under ordinary 
conditions. This capacity has now been increased by installing two 
synchronous motors at the receiving end of the line to overcome 
reactance losses. A second line with a voltage of 110,000, and 
ultimately raising the voltage on the existing line to this higher 
tension, are projects under consideration. 

The terminal transformer station in Winnipeg, situated on the 
river front at Point Douglas, is designed to receive the entire 
capacity of the generating plant. The equipment of this terminal 
station consists of line protective and control apparatus and six trans- 
formers of 2,/00 k.w. capacity, stepping the voltage down to 13,000 
volts, at which voltage the electrical energy is distributed to the differ- 
ent sub-stations throughout the city. An extension to the present 
terminal station, to be built shortly, will accommodate six 5,000- 
k.w. transformers and is designed as the terminal for the new trans- 
mission line. 

Winhiper Blecv.. The Winnipeg Electric Railway Company’s power- 
tric Railway house is constructed on the Pinawa branch of the 
Co. Plant Winnipeg river. The development work involved much 
rock cutting and the construction of a diversion weir, which raises the 
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water by about six feet at the head of the channel. The head utilized 
is 39 feet and the generating equipment consists of four units of 3,000 
k.w. and five units of 1,500 k.w. each, giving a total capacity of 19,500 
k.w.; but a greater load than this has been carried on the plant. The 
current is generated at 2,200 volts, 60 cycles, 3-phase, and the voltage 
raised to 60,000 volts by transformers, of which there are six of 1,800 
k.w. and nine of 800 k.w. capacity. The transmission line is 60 miles 
in length and consists of one line of steel towers supporting two 
three-conductor lines which terminate at Winnipeg, where the voltage 
is stepped down in a sub-station containing transformers of the same 
capacity as those at the generating station. In connection with this 
system, there are two auxiliary steam plants in Winnipeg; one is a 
steam turbine plant of 9,000 k.w. capacity, generating 2,200 volts 
alternating current, while the other has a capacity of 2,800 k.w. for 
2,200-volt alternating and 1,800 k.w. for 550-volt direct current. These 
auxiliary plants are used to avoid interruptions in the service during 
electrical storms and to supplement the hydraulic plant during short 
intervals at peak loads during the winter. 


GOVERNMENT POWER PROPOSALS 


E The cost estimates for the government power pro- 
Basis of Discus- led , i 
sion on Govern- POsals on the Winnipeg river refer in all cases to the 
Paes capital cost of installation, and are based on both an 

initial and final development. The initial develop- 
ment is designed to utilize at each site the present minimum flow 
of the river, 1.¢e., 12,000 second-feet, or such portion of it as may 
be available at the particular site in question. The final development 
is designed to utilize, at each site, a regulated flow of 20,000 second- 
feet, or such portion of it as may be available at the site. After the 
diversion of sufficient water in the Pinawa channel to properly operate 
the plant of the Winnipeg Electric Railway Company under normal 
peak-load conditions, there would remain for use at Seven Sisters, in 
the main river, about 4,000 and 12,000 second-feet under unregulated 
and regulated conditions of the river, respectively. It is important to 
note that, it is on this basis the available power at the Seven Sisters 
site is discussed. 

To compare the power sites on a rational and _ equitable 
basis, all the layouts and designs have been standardized in so far 
as possible, giving full consideration to the varying heads and to 
the local physical conditions at each individual site. No allowance 
has been made in the estimate for transmission, the costs being in all 
cases the capital cost for power on the low tension switchboard in the 
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power-house, and the power being considered as straight 24-hour 
service at 75 per cent efficiency, based on the flow. This forms a very 
conservative basis. Transmission costs are omitted from the estimates, 
as it is impossible to foretell the use to which the power at the various 
sites may be applied when developed, and a straight comparison of 
the sites as they stand is desired. 

In all cases the dams are designed in solid concrete, with ample 
discharging capacity to pass the severest floods to be anticipated. The 
power stations have been developed on single runner, vertical turbine 
installations, varied for the different heads and to meet local condi- 
tions. 

A continuous profile of the river, referred to mean sea level, was 
run at the beginning of the field work, and forms the groundwork 
upon which the whole survey was developed. The future needs of 
navigation have been recognised and, in the permanent work, provi- 
sion has been made for the accommodation of future lockage facilities 
at the different sites. For full details see Water Resources Paper 
No. 3. 

Slave Fall Site—The proposed development at Slave fall con- 
centrates a head of 26 feet, formed by the combination of Slave 
and Eight-foot falls. The dam runs along the crest of the fall, and, 
curving downstream, through an are of about 90°, connects with the 
power station on the right bank of the river. Provision has been 
made for the future installation of a lock on the left bank. 

The head-water and tail-water elevations, as at prevent proposed, 
are 928 and 902, respectively. The initial installation, upon which the 
estimate is based, provides for eight 5,000-h.p. turbines, sufficient to 
provide for a flow of 12,000 second-feet at eight-tenths gate, with a 
spare machine for emergencies. On a 75 per cent efficiency, 24-hour 
basis, 26,600 h.p. will be available at a capital cost of $87.50 per horse- 
power at the low tension switchboard. The final installation pro- 
vides thirteen 5,000-h.p. turbines, sufficient for a flow of 20,000 
second-feet, at eight-tenths gate, with a spare machine for emergencies. 
On a 75 per cent efficiency, 24-hour basis, 44,400 h.p. will be avail- 
able, at a cost of $77.40 per horse-power at the switchboard. 

Upper Pinawa site-——This site is about three miles above the Win- 
nipeg Electric Railway Co.’s plant on the Pinawa channel. It utilizes 
a hitherto inconsidered source of power in what may be termed the 
headrace of this Company’s plant. The head to be developed here 
will normally average 18 feet, with the head- and tail-waters at eleva- 
tions 899:5 and 881°5 respectively. 

A flow of 8,000 second-feet will produce 12,300 continous twenty- 
four hour power at 75% efficiency. To develop this power an instal- 
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lation of four 4,500 h.p. turbine units has been assumed, the capital 
cost of the installatior being $104.05 per horse power on the low 
tension switchboard on a basis of twenty-four-hour power. 

Upper Seven Sisters Site—The Upper Seven Sisters site is situ- 
ated about 4 miles above the lower. The tail-water, under normal con- 
ditions in the river, will be at elevation 870, 1.e., the proposed head- 
water elevation of the plant below. The head-water level has been 
placed at an elevation of 899, giving a normal head of 29 feet. 

Since, to properly operate the existing development of the Win- 
nipeg Electric Railway Company, an average flow of 8,000 cubic feet 
per second is assumed down the Pinawa channel, it will not be feasible 
to develop the Seven Sisters sites until the flow has been regulated to 
a minimum of 20,000 cubic feet per second. 

Assuming the use of 12,000 second-feet, the power station provides 
for a complete installation of eight 6,000-h.p. units, providing a spare 
unit for emergencies. The estimated output on the low tension 
switchboard at 75 per cent efficiency is 29,600 horse-power, 24-hour 
service. The estimated capital cost per horse-power would be $92.00. 

Lower Seven Sisters Site—The Lower Seven Sisters site is situ- 
ated about 19 miles above the McArthur site, and contemplates the 
development of the lower five descents of the Seven Sisters fall. The 
tail-water elevation has been assumed at 833, six feet being allowed 
for the hydraulic gradient in the river between the site and the 
regulated lac du Bonnet. The head-water is placed at elevation 870, 
the river banks permitting this raising of the water without necessitat- 
ing embankments. A head of 37 feet will be available under normal 
conditions. 

The power station provides for a complete installation of six 
10,000-h.p. turbine units, sufficient to utilize a flow of 12,000 cubic 
feet per second. On a 24-hour and 75 per cent efficiency basis 37,900 
horse-power will be available, at an estimated capital cost of $90 per 
horse-power, on the switchboard. 

McArthur Site—At the lower of the two McArthur falls, a head 
of 18 feet awaits development. The river is here divided into two 
channels by a large island. The general project consists of a solid 
concrete spillway, along the crest of the fall on the right or main 
channel, and a long spillway and embankment, including sluiceway 
provision, running diagonally across the island and connecting with 
the power station spanning the left channel. Provision is made on 
the island for the future construction of a lock. 

The head-water elevation is at present fixed at 827,°1.e., about the 
highest recorded water level of lac du Bonnet. The tail-water is 
proposed at 809, giving a head of 18 feet. 
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The initial installation provides for eleven 2,500-h.p. turbines, 
sufficient to provide for 12,000 second-feet at eight-tenths gate, with a 
spare machine for emergency. On a 75 per cent efficiency, 24-hour 
basis, 18,400 h.p. will be available, at a capital cost of $110.40 per 
horse-power at the switchboard. The final installation provides for 
seventeen 2,500-h.p. units on a basis of a 20,000 second-feet flow, and 
75 per cent efficiency, 24-hour power, 1.e., of 30,700 h.p. The cost per 
horse-power on the switchboard is $89.25. This site can be given a 
much more favourable aspect, when the local storage available in lac 
du Bonnet (whose 32 square miles form the head-waters) is taken 
into consideration. 

Du Bonnet Site-—The proposed scheme of development at the Du 
Bonnet falls will ultimately concentrate there a head of 56 feet, made 
up of the Grand and Little du Bonnet falls and Whitemud fall. The 
latter will be removed by blasting out the rock-dam over which 
the present fall flows. The dam, consisting of embankment, spill- 
way and sluiceway sections, leaves the left bank and crosses the 
river on the brink of the Little du Bonnet fall, connecting with the 
power station which parallels the right shore line below the pitch. 
Ice sluices and embankment connect the power station with the high 
land on the right bank. Provision is made for future lockage facilities 
on this bank. | 

The head-water elevation has been fixed at 808, with the tail- 
water at 762 previous to the blasting out of the Whitemud fall, and 
752 subsequent thereto. This secures a head of 46 feet for the pre- 
liminary, and 56 feet for the final installations. 

The initial installation is figured on seven 10,000-h.p. turbine units, 
utilizing 12,000 second-feet at eight-tenths gate and 46-ft. head. This, 
on the foregoing basis, will render available 47,100 horse-power, 
at a capital cost of $77.20 per horse-power, at the low tension 
switchboard. An intermediate installation, comprising 12 units, 
providing capacity for 20,000 second-feet at 46-ft. head, and producing 
78,/00 horse-power, has also been estimated. The cost of the power 
at the switchboard for this intermediate installation is $66.70 per horse- 
power. The final installation consists of fourteen 10,000-h.p. units 
for the development of 20,000 second-feet at 56-ft. head, the extra ten 
feet being secured by the removal of the Whitemud fall. On the 
above basis, 95,500 continuous horse-power will be available at a 
cost of $68.60 per horse-power on the switchboard. 

Pine Fall Site—The Pine fall development will concentrate the 
natural descent of the Pine and Silver falls, giving a head of 37 feet. 
The dam runs diagonally across the river from the right bank and 
joins directly to the power station, which forms a continuation of 
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the dam. The power station is connected with the high ground on the 
left bank, by sluices and embankment. Provision is made for lockage 
facilities on this bank. 

The head-water and tail-water elevations have been placed at 750 
and 713 respectively. As the tail-water is practically lake Winnipeg 
level, it will vary slightly from year to year with the level of the lake. 
The initial installation is placed at six 10,000 h.p. turbine units using 
12,000 second-feet at 37 feet head. On the foregoing basis, this will 
render available 37,900 h.p. at a capital cost of $80.70 at the low 
tension switchboard. The final installation consists of ten 10,000 h.p. 
units for the development of 20,000 second-feet, rendering available 
63,100 h.p. at a cost of $69.80 per horse power. 


SUMMARY OF THE POWER POSSIBILITIES OF THE WINNIPEG RIVER 


The developed and undeveloped powers of the Winnipeg river, 
under regulated and under unregulated conditions, are tabulated on 
page 26. The undeveloped power is considered on a 75 per cent 
efficiency, 24-hour basis, and the capital cost per horse-power is given 
in terms of this power, estimated to the switchboard in the power- 
house. | 

With regard ‘to the future economic value of 


Future Economic the powers of the Winnipeg river, the following is 


Val f Winni- 
Alewre tue Paces quoted from a report made to the Water Power Branch, 


Dept. of Interior, in September, 1911, by Mr. J. R. Free- 
man, one of the consulting engineers retained by the department for 
advice in connection with water-power matters. Mr. Freeman says :— 


Economy and Conservation.—While water-power opportunities 
on the Winnipeg river may have, a very few years ago, appeared 
so far beyond possible use that ordinary economies were unneces- 
sary, it is, I believe, plain to-day beyond serious question that all 
the remaining opportunities for power should be carefully con- 
served, and only developed under such conditions as will not 
necessitate any great waste or the impairment of remaining oppor- 
tunities. 

Sundry remarkable electro-chemical processes have been very 
recently invented, which promise to be of great future benefit to 
agriculture and other arts. Fertilizer for farmers’ use is now 
being successfully made by electricity from the nitrogen of the air, 
and great water-powers in Norway are now being developed for 
these purposes, in addition to those already in use, and recent 
developments have also been made of similar processes not far 
from the southern boundary of Canada. 

The great uses of hydro-electric power at Niagara Falls and 
at Sault Ste. Marie, for making aluminum, carbide for gas lighting, 
bleaching powders, caustic soda and sundry other important pro- 
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ducts, were unknown only a few years ago. Indeed, it may be said 
that every one of the electro-chemical plants now situated at 
Niagara Falls has been invented since the first of the large hydro- 
electric power stations was built at that point. It is idle to say that 
the era of important electro-chemical invention is yet more than 
begun, and with the many able investigators now earnestly working 
on these lines in many parts of the world, great additional dis- 
coveries and commercial developments in the application of cheap 
electric power are almost certain to come, particularly in metallurgy 
or the reduction of ores. 


The Winnipeg Market now Fully Supphed—tThe city of Win- 
nipeg will soon have all the power that it needs for public service, 
corporation and for any conceivable manufacturing purposes likely 
to locate in or near the city for perhaps a score of years to come, 
from the railway company’s plant already in use and to-day under- 
stood to be delivering about 22,000 horse-power, and from the 
new municipal hydro-electric power plant at Point du Bois, now 
(1911) nearing completion, with a first installation of 26,000 horse- 
power and with works planned to be extended to more than three 
times that capacity. Thus these two plants will be capable of de- 
livering to Winnipeg more than 100,000 horse-power of 24-hour 
electrical energy, a quantity which can be best appreciated by a 
statement that this is far greater than the total water-power at 
Lowell, Lawrence, Manchester and Holyoke, Mass., combined. 


A Possible Field for Use.—The best use that I can foresee for 
the vast water-powers upon the Winnipeg river now remaining 
untouched is as the basis for founding three or four new industrial 
cities based upon electro-chemical industry, very much as water- 
power was the basis for creating, years ago, the cities of Lowell, 
Lawrence, Manchester, Holyoke, Bellows Falls, and, as in recent 
years, it has brought together hundreds of new homes at Niagara 
Falls, Shawinigan Falls and at the Sault. 

We cannot to-day say what the line of manufacture may be, 
for the electro-chemical arts are still in a state of ferment and 
creation. It has already been demonstrated that, by electric smelt- 
ing, steel for the manufacture of tools can be made having a 
quality and value difficult to obtain otherwise. Fertilizer in the 
form of artificial saltpetre is being produced commercially in large 
quantities under German processes, while carbide, carborundum, 
aluminum and numerous other useful products, are being made by 
electro-chemical means in great quantity at Niagara and else- 
where, and sooner or later the time will come when fertilizer will 
not be scorned by the farmers of the Canadian Northwest. There 
is promise of new metallurgical processes for which cheap elec- 
tricity is a necessity and the price per pound of several of those 
products is such that they could stand a considerable cost of 
freighting to their markets, and such that a power capable of being 
developed in so vast quantity at one point, and at so low a cost per 
horse-power as appears practicable at three of the sites along the 


Winnipeg river, will surely be very attractive. 
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These New Industries Must Build Close to the Waterfall— 
These electro-chemical processes, when carried on in a large 
commercial way, demand that the work be done close to the point 
where the power is generated, for two reasons:—first, because 
although the air-saltpetre process uses alternating current, most 
electro-chemical processes require the direct current at low voltage, 
which cannot be transmitted to great distances with anything like 
the facility of alternating current; and, second, because, in order to 
attract those processes, it is necessary that the cost per horse- 
power be the very lowest, and not overloaded by the cost of long 
transmission lines or the percentage of power necessarily lost in 
such transmission. 

Wherever a new industrial centre, with some hundreds of 
homes, can be established in the wilderness within a hundred miles 
of Wimnipeg, it will add to Winnipeg’s prosperity in a degree but 
little less than if situated within its borders, and will add to the 
prosperity of the province by the new opportunities that it brings 
for employment, the diversity that it adds to its business interests, 
and by the money that it will put into circulation. It is plain that 
many of the recent power developments made in various parts of 
America, from which the power is transmitted long distances, to 
displace steam power in populous centres, results in putting a 
much larger number of men out of work than it sets at work. 
Such a development is of less benefit to the country than the early 
water-power developments, which were used locally in erecting the 
cities already named, in building hundreds of new homes, and in 
setting thousands of men working at-new opportunities. 
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Whitemouth River 


The Whitemouth river rises in Whitemouth lake, in the south-. 
easterly portion of Manitoba, and flows northerly to the point where it 
joins the Winnipeg river, just below the Upper Seven Sisters rapids. 


The drainage area of the river is 1,566 square miles. The lower 
portion of this area is narrow and mostly cultivated, while the upper 
portion expands and forms part of the Julius muskeg. 


The bed of the river consists almost entirely of boulder-clay, with 
occasional outcrops of rock in the lower reaches, crossing the river at 
right angles. These rock outcrops do not appear above bed elevation 
except in the vicinity of the Whitemouth falls, at the mouth of the 
river. The banks throughout, with the above exception, are composed 
of a sandy clay, and rise to a height of approximately 50 feet. In 
some localities, this height is reached by a steep slope from the water’s 
edge, while, in others, the slope is more gradual, extending for a 
distance of 400 feet. 


For a distance of about two miles from the mouth 
of the river there is much valuable standing timber, 
including oak, spruce and poplar, but, as the course is 
followed southward, it is found that the land has been cleared, partly 
by fire and partly by the settlers in breaking up the land for farming 
purposes, so that only occasional clumps of poplar, ash and elm are 
encountered. Throughout the upper reaches of the river the land is 
mostly covered with small tamarack, spruce and scrub. 


Timber and 
Vegetation 


Precipitation.—From the meteorological reports at Oakbank, west 
of the drainage basin, and at Kenora, to the east, extending over a 
period of twenty-two and nine years, respectively, it is found that the 
mean annual precipitation for the section of the country covered by 
the drainage area is approximately 21 inches. 


A reconnaissance survey of the river, from the mouth up to the 
Canadian Pacific Railway crossing at the town of Whitemouth, was 
made by the Manitoba Hydrographic Survey in June, 1913. 


eal The development of power on this river is possible 
Possibilities at two sites. 

Site No. 1—Part of this descent could be concen- 
trated at the fall at the mouth of the river and a head of 20 feet 
obtained. 
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Site No. 2.—About three miles below the town of Whitemouth a 
head of approximately 20 feet is obtainable, the high banks enabling 
successful development without flooding any considerable area of 
valuable land. 

A minimum mean monthly flow of 45 second-feet for the open 
water season occurred in 1915. The estimated power, assuming an 
efficiency of 80 per cent, with this flow would be 82 h.p. at each of 
the two sites during the open water season. 


MONTHLY DISCHARGE OF WHITEMOUTH RIVER, AT 
WHITEMOUTH, MAN. 


(Drainage area, 1,400 square miles) 


Discharge in second-feet 


Month Maximum | Minimum 

1912 

Weary 29-31) ee a ee 2,151 
UCC CA cee aay Stee nORERA PATER IAL EES 1,829 392 

SC aH i Meee ae RRP RN Hi NSO 1,518 240 
PA UIONSE o's ss BUN a la’s on ae eae 1,262 473 
REPEEIN DEE) yok son ae feueNe ements 2.375 1,356 
Metaber wee. a She Nees le eae | 2,130 993 
PR OMEMIDET |))))..ic i a's apis Sede ua a 1,570 
PPRCemMpeL (). 

1913 
Wartaty cious one RS a ee 
SOOO ALYY au ty Sut Nina 
US er | Ne MmRCaMMa ai AALS yf 
PRE CH Oe SOY ih. She a, Sen ae 3,148. 5} » 1,202 
(LAA a gaan Se ep NOMA GNI CC 1,279 607 
EIN tae FRR CRD aS CA GBT Sl 818 158 
PAPAS AN e eS 'e gia SU GUNN rn Mies ed 1,234 186 
COC DEES ANA EER ADE UHC, ho sla 914 ie 
Sapremiper fei Je ale onan Re 479 133 
ESP = gh SOME Map MOO ean CNR. rc! 138 

1914 
LPN SICN 9 ashi pena Ma DABONAL RCA (6G 
POT aati felis. sok he nee ee 
VV ACER Mies clei) hae cle Cat Dae aeee 
Le\ ESTEE SSA a ERROR ARSON OA Be TS Ye ae 
Rae ae Sie el Ca Eee 1,393 483 
Ep EEE Sd CME ER OR a een AN NT 2,491 244 
EEL 2 SGA Rg A aR it LH 2,147 193 
Pst eho kN eR AIR Se 259 22 
HED ECTIADOU UG sack ae Sona 286 86 
DCLG Dera Ne Care LWT? Sayi4) ekioe 1,172 130 
INO VEM DCC ey outs Ms eek dial iam 
PIPCETI DOE Mc ci Ul kala ieee ans 


* Estimated. 


WINNIPEG RIVER—LITILE DU BONNET FALL 


WINNIPEG RIVER—GRAND DU BONNET FALL (SECOND PITCH) 
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MONTHLY DISCHARGE OF WHITEMOUTH RIVER, AT 
WHITEMOUTH, MAN.—Continued 


Discharge in second-feet 


29 


Month Maximum | Minimum Per square 
mile 
1915 
PROV oO NE Ny pa Re oe .013 
February .007 
IA SR Te he ho attains ou clei Oo la .007 
WRT AR arate Nea! 8) Se bl ace x Saale shy Hera 
RM re). ciel Ata nts otal tebe brute 793 
RATS GU bia Svale-oalatoce ts erie g Slele .498 
2S CHINE COI Sa eh beg ge Ae aR om Oe 319 
EIRENE RE De fi hae LA Gal ba .059 
September .032 
MPCTOUMC EO heh ae Cork cure weal eae wales .191 
November .150 
December .071 


* Estimated. 


CHAPTER IT 


Red and Assiniboine Rivers* 


METERING STATIONS ESTABLISHED BY THE MANITOBA 
HYDROGRAPHIC SURVEY 


Name of river Situation When established Remarks 

Reo SAY ko IMD Emerson May, 1912 

ROSeaw Uo Bee Dominion City | May, 1912 Abandoned in 1913 
Rosca Vea Ge Baskerville April, 1913 

Assiniboine ....... St. James May, 1912 Abandoned in 1913 
Assiniboine (2..)..: Headingly Spring of 1913 

Assiniboine ....... Brandon July, 1912 

Assiniboine ....... Millwood Oct., 1912 

DOMES OL eye Wawanesa OcesolZ 

Minnedosa ....... Riverdale Jan. 1913 

Red River 


The Red river rises in the state of Minnesota. It flows, first, in a 
southerly direction for a distance of 60 miles, then west for 100 miles 
to Breckenridge, on the boundary line between Minnesota and North 
Dakota. Thence to the international boundary the river forms the 
dividing line between these two states. Continuing its course through 
Manitoba, it falls into lake Winnipeg at its southern extremity. From 
Breckenridge to. Winnipeg, a distance of 250 miles, the general direc- 
tion of the river is almost directly north, and its course does not vary 
from a straight line by more than five miles. Below Winnipeg it flows 
in a north-easterly direction. 

An idea of the extremely winding nature of the river can be 
gathered from the fact that, in its course from Breckenridge to 
Winnipeg, though the general course does not vary to any great 
extent from a straight line, the length of the actual river channel 
is more than double the distance by direct line. This characteristic is 
common throughout its length. 

The drainage basin of the river includes an area of 

Farge Area of 116,347 square miles, of which 42,547 are in Min- 

nesota and Dakota, 50,500 in Saskatchewan, and 

23,300 in Manitoba. The drainage basin of its largest tributary, the 
Assiniboine, forms a considerable portion of this area. 

*The data for this chapter were contributed by the Water Power branch of 
the Department of the Interior, with the exception of the sections dealing with 


Qu’Appelle river, Birdtail and Moose Jaw creeks and portions of Souris and 
Minnedosa rivers. 
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The principal tributaries entering the Red in Manitoba are the 
Roseau, the Rat and the Seine, from the east, and the Assiniboine 
and Morris rivers from the west. The Pembina river, though the 
greater part of its drainage area lies in southern Manitoba, joins the 
Red south of the international boundary. 

The entire basin is practically a level plain, varying in iri from 
50 to 200 miles, and having a length of over 300 miles of water. There 
is a gentle slope, from the sides of the valley to the centre, of about 
the same gradient as from the headwaters to the mouth of the river, 
namely, approximately one foot per mile. Down the centre of the 
valley, the river has cut a sharp, winding channel, from 20 to 50 feet 
below the level of the plains on either side. The banks of this 
chanriel are composed of a gravelly clay, and, though no rock outcrops 
show in the course of the river, the bed near the mouth is under- 
lain by a stratum of rock at a depth varying from 10 to 20 feet. 

Throughout the Red River valley in Manitoba, there is very little 
standing timber except in the extreme easterly portion. Along the 
course of the river occasional clumps of elm and ash occur, though 
not of sufficient extent to warrant extensive lumbering operations. 

The district is mostly prairie, and, being situated along the line 
of first immigration into Manitoba, is naturally one of the oldest settled 
portions of the province. The larger percentage of the land is settled 
and is cultivated continuously, being of a very productive nature. 


Navioncon The river is navigable for boats of light draught 
during Open from the mouth up to Grand Forks, N. Dak. Prior to 
Months the construction of the railways, it was used extensively 
during the open season for freight and passenger service. Since the 
coming of the railways, however, river traffic, unable to compete with 
the faster mode of transportation, has gradually dwindled. 

There has been considerable revival of river travel in the lower 
reaches since the construction by the Dominion Government of the 
St. Andrews dam and lock near the mouth of the river. This dam, 
which raises the level at Winnipeg by about eight feet, ensures the 
boats from lake Winnipeg ample water up to the city of Winnipeg. 

In its course through Manitoba, the first town passed is Emerson, 
situated at the international boundary, and, from this point to Winni- 
peg, there are several smaller towns. They are, in some instances, 
removed a mile from the river, being situated on the Canadian North- 
ern railway, which closely parallels the river. Between Winnipeg and 
the mouth, the largest town is Selkirk, about 22 miles below the city, 
but there are small settlements scattered throughout almost the entire 
distance. 
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Precipitation—From records in central Minnesota, covering a 
period of thirty years, it is found that the mean annual precipitation 
at the headwaters of the river is 24 inches, and the records at Win- 
nipeg, covering a period of 40 years, give the mean annual precipita- 
tion at that point as 21 inches. In the western portion of the drain- 
age area, the precipitation is noticeably less than that given above, and 
does not average more than 17 inches. 

The rise and fall of the Red river is, as a rule, gradual, except 
during the spring floods. These freshets are caused by the release of 
the water—held in the form of snow and ice—in the warmer southern 
reaches of the river, before the break-up in the colder sections near 
the mouth. As it reaches the section of the river where the break- 
up has not yet taken place, this water, unable to obtain easy egress, 
backs up and frequently rises 20 to 30 feet above normal level. 


In Manitoba the only feasible power development 
is situated at Lockport, where the construction of the 
dam at St. Andrews rapids has concentrated a head 
of approximately 15 feet. As the shutters of this dam are raised 
during the winter and during freshets, any development at this point 
would necessarily be for operation only during the period when the 
dam is held as an aid to navigation, usually between May and October. 

The estimated power available at this site, based on an 80 per cent 
efficiency, assuming a head of 15 feet, and an estimated low flow of 
2,000 second-feet would be 2,730 horse-power. Calculated from the in- 
formation at hand the lowest mean monthly flow of the river where it 
enters the province, and of the tributaries entering in its course between 
Emerson and Lockport, is 2,000 second-feet. This discharge is 
estimated only for six months, ending October 31, 1913, 1914 and 1915, 
and is subject to revision. 


Water-Power 
Possibilities 


MONTHLY DISCHARGE OF RED RIVER, NEAR EMERSON, MAN. 
(Drainage area, 34,600 square miles) 


Discharge in second-feet 


November 
December 
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MONTHLY DISCHARGE OF RED RIVER, NEAR EMERSON, MAN.— 
Continued 


Discharge in second-feet 


Month Maximum | Minimum Mean Per square 

mile 

1913 
POA ee ee as ccs gsi si ais 500* 015 
Dee ght pak ek Rep ee Aa aa a 300* .009 
re sae hy ARN oles ally) wy bdr 300* .009 
POS EON 8 ane aa ES 26,020 1,665 13,150 . 380 
EMR ee fh. Me eteteiaee ta Sehd ile Ayo 5,230 2,276 3,195 092 
CS SURO ORES 58" aa A CS 2,248 1,243 1,731 .050 
OE SR 2 A ne, SA 1,765 969 .038 
Je Aa UG OR A OR SL Ce 1,209 782 .027 
eRe DEE ay hea yi bie ak site we ate 1,615 782 .033 
3 et tt aM nM neat 10M RN ae May eo ia 1,473 819 .035 

1914 
SRE ae ie ide kt hs eens iilearal 761 429 .019 
MEO EUOLV Ne Ce eee ects late Pion ja 736 600 .019 
eg cs 7 /Ny SR M Da cAl pO Ours a .017 
PDT Ae Gh uch Veh apes sie laa hia .058 
CNG Uta Sk, autre ley) 4,800 2,420 .094 
POM NS) ide gis alec aloe a otaale Oe 7,250 2,490 128 
LESS LSS SIS tt NRG Oe: UPR SOL 5,250 1,900 101 
aE ECS 5 MR RG Se EEC RES Ro 1,830 1,180 .040 
SSSI 011g Let gee Oat ae PNA 1,510 1,190 .039 
LEYS 2S AC an COUR NCR ap A aD 1,650 1,200 .040 
IDET 31) Wiis asus vate yes .040 
BIRO MED CE) Tera che ois Satehe aasatees ae | .023 
ANTE ehiaied DAA st MR Bae BR 7,250 429 .618 

1915 
Terapia coh is elias al GAN 969 899 .027 
PeDega tyne arene ary ol 903 848 .025 
DADC eC oe tee one E5007 883 .029 
A OUILOI otek PN EAL). eh Oc wan ue 10,058 1,600 147 
|S J VERS Gy, | Boley 3) ASR ieee CR 5,504 2,613 108 
TENTS Yt ga eR ia boktad 7 gE ERR Ac nea 10,002 2,420 145 
DR 7 TARR SIRE AAAI Ram CS 20,121 5,296 380 
PSE OE Nie Be a as ARE ey 5,008 2,004 085 
DO PECINDEE 5 eet . diciorslscAtewotss 2,004 1,642 .052 
LORS DER ried A ete Se ae betes 1,885 1,680 .053 
DEVE DOTs) ote te se cone aah | 1,815 1,447 .047 
Peco petra sky ay ss eo aes 1,609 1,545 .046 
PCV OG, Vad Re ON Coe weed Nr an 20;121 848 .096 


* Estimated. 


The following is a summary of observations on the flow of the 
Red river, taken at Grand Forks, by the U. S. Geological Survey: 
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MONTHLY DISCHARGE OF RED RIVER, AT GRAND FORKS, N. DAK. 
(Drainage area, 25,000 square miles) 


Discharge in second-feet 


Month 


1907 


otc 6 FY ot MAUR SURG URINE ES SODA NN 


eee eceeeecececereer ese eee eeoeos 


Sephenbe nile ON, La ees: 
October ee es a | 
INGVERTBER Rw ORO tea sia len 
DeCemipe ne aL ABO eh D 


1908 
TARA Y EMC MU eau EA UST SAI 
HAP SJ er a bel at gai AN NMRA CLUE RRA SUL ami 


Septem per Aes nye ena yh 
CTAB ER AO De A Be aa 
November ue eye Use aaah 
Deceniber ie ey) en ae 


ane ty, AU ARAN iO eM arate 
PeDraary oe OM eu eng 


PAAR ESE ii) bi aie i URAL a halo Wea 
September’ (eee ee a 
COCCOD!E i PL ee eRe 
November io VR AMOR IAN 
enember i.) OU ee A i 


1910 
her D cl gine OUI aera nar Mena SOMALI 
USWeley eu ahh A Meg Oey BM 


PU CTISE DR sioner Mauer aly vel 
Sepeeiibieny ee i pan wee iu a aan, 
COCEODEE (00 UCD ee ae a, 
NOVeRI bet i aie lee alas 
DIE CEM BET he AAU aaa ang 
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DISCHARGE OF RED RIVER, AT GRAND FORKS, N. DAK.—Continued 


Discharge in second-feet 


Month Maximum | Minimum Mean Per square 
mile 
1911 
PARMA Coes ee sl tal hats 210* 0.0084 
February . 185* .0074 
WEBECH REA Tae iy reswareencr sy LN mo N oe 760* .030 
A 9 oh le Aer Ua AUD MeL RG & 1,880 075 
Dp Sh MN A ee a 1S ee ee Ra 1,120 1,500 060 
(50015) SPU OUR NAA LG AGIA Meg aL gO 1,050 1,760 | 070 
RLV Ne cr clara cr rhs! A PLU URI N, 318 578 .023 
Cg 123] bc Gg PO LEAP YAP ee 331 392 .016 
September 347 391 016 
October 271 463 018 
November 370* 015 
December 340* 014 
Year 736 029 
1912 
PEPE ny anny CURA BURIED sem Ht 140 .006 
February 110 004 
DLAC eee aay AMON SQ Me aT 300 .012 
PNT ee es Lavy a rae leh: hens ils cath 940 2,470 099 
DMM Aus War Ul ot Vlad aunt Sel 940 1,670 067 
JEG) a IAS Car Aa oR 740 1,130 045 
DOC ND RR! EE REMMI DOU ROR 592 698 .028 
PISO UK iar Gaba MA Gia sy 426 559 .022 
September 385 755 .030 
OUCH TI Wes Ue ts PUNTA MS - 864 1,300 .052 
November 812 .032 
December 422 .017 
Year 863 035 
1913 
PATA AE ee a MEIN Me ic hE MMe a ala 318 013 
February 233 . 009 
LIEW Ce UNIS SRA Sab dee PARR Saree 282 .O11 
FSET eT ALCOR a aR TRU dian elie 7,060 282 
1am te RD TAA AE NO gL a 1,380 1,820 073 
TULT Ne aay MEMS Lams UM AU SL gi aa Aa 890 1,190 048 
PUP SG autos ais Mes SNL Vera 2 hs ATA 686 1,030 041 
PRISCA SEMEN SLADE WI ead UM ana ©4.)"560 760 .030 
September 560 1,030 041 
CERO et aii tay EOL ta N asta 654 1,050 .042 
November 890 1,140 046 
December 793 032 
1914 
VERBAL YE ies oath ey AU Oi Ria 509 .020 
February 428 017 
Blareh (sic ate aetna eb) | 911 036 
PDEA a ahead Unita ld aces RA CIN 2,990 .120 
Mai Miscou: wale ea ae Mui analy i) 1,830 2,560 .102 
DLE Fi kes ea ee Ree IEE ONPG RUSE 1,780 4,820 .193 
MALE ees ee Rare ed Pe eK ane 1,380 2,840 .114 
FNCU eM SHR Wie es Ee 2 ON 862 1,090 .044 
September 890 1,180 .047 


*TEstimated from a few discharge measurements. 
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Roseau River 


The Roseau river is the largest tributary entering the Red from 
the east, in its course through Manitoba. It has its headwaters in the 
low lands lying to the west of lake of the Woods. About half its total 
length lies south of the international boundary and it joins the Red 
river approximately ten miles north of same. The general direction 
of the river is northwest, and its course is very tortuous. 

The drainage basin of the river includes an area of 1,987 square 
miles—1,097 in Minnesota and 890 in Manitoba. The major portion 
of this area is flat land; that in the upper reaches is so flat that cultiva- 
tion is impossible without artificial drainage. In connection with this 
work, 40 miles of the upper section of the river in Minnesota has been 
straightened and widened to eighty feet, and, for a considerable dis- 
tance, the land on either side is drained by ditches spaced one mile 
apart. In the lower reaches of the river, the effect of this drainage is 
shown by the rapid rise apparent during times of heavy rainfall. 

The course of the river, from source to mouth, lies through level 
country, with no perceptible valley of any extent. The banks 
cut sharply down from the prairie level to the bed of the stream. 
The composition of these banks is stated to be invariably a heavy clay, 
which also forms the bed of the river. The height of the banks 
varies from 10 to 12 feet. 

A large percentage of the land throughout the drainage basin of 
the river in the province of Manitoba is cultivated, and the little stand- 
ing timber consists mostly of small elm, ash and oak, very little of 
which is large enough to have commercial value except as firewood. 

In the course of the river through Manitoba, three settlements are 
met with. The first, situated close to the headwaters, is the village 
of Sprague, on the Ridgeville branch of the Canadian Northern rail- 
way. The second is Stuartburn, on the same line, and the third Domin- 
ion City, at the crossing of the Canadian Pacific railway, Emerson 
branch. 

Precipitation.—From records of northern Minnesota, covering a 
period of 30 years, and at Oakbank, to the north of the drainage area, 
covering a period of 22 years, it is found that the mean annual preci- 
pitation in the watershed of the Roseau is 22 inches. 


_ No surveys for the purpose of locating power sites 
have been made on this river, and information as to the 
possibility of concentrating the natural fall at points 
throughout its course is very meagre. Local authority reports that, 


Power 
Possibilities 
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in the neighbourhood of Dominion City, there is a possible develop- 
ment of 15-foot head, but this has not been investigated. 

Between Sprague, near the headwaters, and Dominion City, a dis- 
tance of about 200 miles by river, it descends 295 feet, or about 1.5 
feet per mile. 

Should any development be made on this river, and a continuous 
supply of power be required, it would necessitate the installation of 
an auxiliary steam plant for use during periods of extreme low flow, 
as the absence of storage areas in the upper reaches of the river pro- 
bably debars economic storage regulation. 

As during certain winter months, the flow is entirely cut off, esti- 
mates of power can only be made for the period from May to October. 
Assuming a low mean monthly flow of 24 second-feet during this 
period and an efficiency of 80 per cent, every 10 feet of head could 
produce 22 h.p. 


DISCHARGE OF ROSEAU RIVER, AT DOMINION CITY, MAN. 


Discharge in second-feet 


Per square 
Mean |, q 
mile 


Month Maximum | Minimum 


1912 
AN C4 AAT aA OUR ERP LAN GA 416* 18 
SETTLE AA I i rR Na oe aa 200 09 
Ora ees VT EAT RT he) dor, | 60 .03 
Rela aye Duties cul 132 83 113 05 
Septemler A ee heared oa 527 103 186 .08 
CJOLODELY Sere re ko MLA 1,354 577 1,059 .46 
TGVeMIben thio culaats caw stare ek 1,248 369 795 35 
IERENIDER TY cl dma ata e fate 80* 03 


* Estimated. 
DISCHARGE OF ROSEAU RIVER, AT BASKERVILLE BRIDGE, MAN. 


(Drainage area, 1,900 square miles) 


Discharge in second-feet 


Month Maximum |Minimum ac ie 
1913 

JARUARY raat es La ee eres | .O1 
MenruAarvin pan haces it btaG) 

WEAT HO ae eC hs an seen. GaP 

A OTILYG eaten ily. dah doe a wy 16 
UAV a rat eee eee et is sat at ky ‘30 
Pre 8 hi Renee Un Beet Rite: 274 ie 
LCE Me ea oh: OR FOC Se Bec Maa es 254 .09 
sesh Wk Our Unaka .ON a ie 126 .04 
BONisinDer Strom rs shee 97 3 


Detsher Pee Cre Seti: an ek < Fhs 
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DISCHARGE OF ROSEAU RIVER, AT BASKERVILLE BRIDGE, MAN. 


—Continued 


Discharge in second-feet 


l 
Maximum | Minimum Mean mets 
6* 003 
ot .003 
4 25* 013 
570 300 
863 406 626 329 
748 391 .316 
414 205 298 pES7 
79* .040 
775* 428 
927 417 678 375 
1,084 477 840 A64 
454 51 172 .095 
September. (aici a tik Garin 44 3 24 .013 
Qetshery ie Wetec mae See Nina en 65 Soar 52 .029 
IWOVENIDED ers meee pivelam eee 60* .033 


December 02 Sc a ey 30* .017 


* Estimated. 
Pembina River 


The Pembina river rises on the northeasterly slopes of Turtle 
mountain and flows easterly to a point fifty miles above its mouth, 
where it turns southward, crossing the international boundary, then, 
turning again to the east, flows into the Red river about five miles 
south of Emerson. 

The basin of the river includes an area of 4,180 square miles, 
1,440 in Dakota, the remainder, 2,740, in southern Manitoba. In the 
upper reaches of its basin, there are numerous small lakes and sloughs 
which furnish most of the drainage. One notable feature of its water- 
shed is the fact that practically all the drainage enters. it from the 
south. The tributaries entering from the north have very little flow, 
except in the early spring or times of excessive rains. 

The principal tributaries are the Whitemud river, Long river, 
Beaver creek and Snowflake creek, all flowing from the south. 


The lower 40 miles of the course of the river lie 

ey abi in flat country, typical of the Red River valley. 
The banks of the stream cut sharply down from the 

level of the prairie to a depth of from 20 to 40 feet. The banks in this 
section are usually of sandy clay, which also constitutes the bed of the 
river. After the above distance is traversed, the banks become bolder, 
and rise to a height varying from 175 feet to 450 feet. The nature 


RED‘AND ASSINIBOINE RIVERS 39 


of the soil in the valley also changes, being much more sandy; the 
flood plain and bed of the river are composed of sandy gravel strewn 
with boulders. 

The average width of the river is approximately 90 feet but, in 
the middle reaches, it widens in several places, forming lakes vary- 
ing in width from one-half mile to a mile and a half. The more 
important of these expansions are Swan lake and Rock lake, six and 
nine miles long, respectively. 

The Pembina is not navigable, but, flowing through a well settled 
country, it is easily accessible from good roads, and also from rail- 
ways, which cross it at many points. 

Precipitation—The mean annual precipitation at the mouth of the 
river is 20 inches but, at the headwaters, the yearly average is only 14 
inches. This small precipitation has a decided effect on the flow, since 
it is in this locality that most of the drainage enters the river, and, in 
times of drought, the discharge dwindles to an extremely small volume. 


Discharge Measurements.—For some years the United States 
Geological Survey has gauged the flow at Neche, North Dakota. 
From the report of these gaugings, it will be seen that there is a large 
variation in the flow of the river; the mean monthly discharge ranges 
from the low flow of one second-foot during the month of September, 
1911, to a high flow of 3,870 in May, 1904. 


There is no information available respecting any 

eae surveys having been made on the river for the purpose 

of locating water-power sites, but the nature of the 

valley, and the natural fall of the river, indicate the possibility of 

development. The descent of the river, from the base of Turtle 

mountain to the point where the valley opens out into that of the 
Red river, is 700 feet, or approximately three feet per mile. 

As the low-water flow is extremely small, any power development 
depending upon the natural flow would be subject to serious interfer- 
ence through lack of water for a considerable portion of the year. 

A certain amount of storage could be obtained on the lakes in the 
course of the river, and also on Pelican lake, which is about two miles 
distant from the river channel. Whether this storage would be suffi- 
cient to carry any development over the period of low flow is very 
doubtful. 
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MONTHLY DISCHARGE OF PEMBINA RIVER, AT NECHE, N. DAK. 
(Drainage area, 2,940 square miles) 


Discharge in second-feet 


Maximum |Minimum Mean aac ct 
\ 202 
198 110 149 
110 35 60 
35 
COCTODER Vien Valiente ey eae aie oe | 42 
INoveribers. Syshiaic Med. ae ene aoe 42 
1904 
PDE Re Oe Raa ra ted 3,580 217 1,920 0.653 
TU BSS Wt OU MAR A a 3,870 1,420 2, 898 
PREGA, SSR at) UN a saat 2,530 926 1,690 575 
ITT Spy RUM 9 MAMa aT Rit LPNS be Mal 2,690 399 839 285 
Ansty AND) CUM Re 4430 315 385 131 
PPE DUCED y pik bales WORE OM nRa RG 315). 236 | 302 103 
COE Po 12 gE Re mL AN Oba ilk YA fe) 217 Zao ale pao 
November) oc yeu aU ten Ee imes Zi7 4 131 183 .062 
1905 
DEATCU I S-OL |) 3's Woreya Mle meee 672 530 606 216 
POE AL Rea ohh a Westvie se a ala eee Se 1,372 311 549 196 
OR ois bak hea ee 1,180 218 447 160 
UI OU A MW the Waly ic ev eie eet Cn Ren 1,180 279 485 173 
Mae feo asd eka AE Dio We foe 399 - 119 206 .074 
PARADISE LG ek cts cds dee nad ee 137 60 97.5 .035 
SODLEMIDEE dig clue ee ED oe Rane 119 65 93.9 | .034 
OPED DER Sy Pawel aE acai ahe Ne 150 70 | 119 .042 
November (1-20) ce tea dae 137 91 116 .041 
1906 | 
PEI AS 0 CCM alge ae Ara ue RUN 1,220 193 479 0.163 
am es OG gill ree nanan Lien Etats 231 175 193 066 
PINE Ses. ee es ae cee 340 193 271 092 
TESLA) See ote Be ae WrauteneRV A ey fie 270 119 175i .060 
PA STIBE 0 da okay a ue CD Bo 143 119 VS brea .045 
September) i vaue ee 166 | 1367} 147.44 .050 
ECO! i wih ition ALN ia 150 136 144 .049 
BYOWETDEL. (ss). ne ea eee nla 136 82 | 111 .038 
1907 | | 
Aprile | «30, 3, 4s, culpa ty hails Beas ea 860 .293 
LA iis sic a | SL Rene a 2,190 826 1,600 544 
i Rs Cone AOU RCSB ABE 2 Lo OL be Ay ok 805 263 507 172 
eer rey Ue s PRG CIA BR ia, 272 76 156 ois .053 
TASES cies spss so bk eee ee 80 30.4 54.3 | .014 
Sepremiper soe). x) clearer 47 23 34.8 | .012 
Meroe KHAN a oo ay ee 66 | 36 55:2, .019 
Novermbee) cies la ae ele 38.0 .013 
RPCCONTCT cc Lies ig Heke ay ee aware te 19.0 | .006 
1908 | 
ATEN RE MER aren) ook Wace lolrasetecl tapes | 6 .002 
Pye Ce sg NN ODMR AMD cles PAY 3 .001 
IVE ee kG adie! bce dey lr tata 3 001 
HN ap a) BT Ae OU A a PSE 927 375 .128 
Mai iiae ewer nity cles al Gila due 591 310 | 474 161 
WARIO BE amet mec Ry DSRS) hale eh 486 136 224 .076 
PRRUR GRE Mi Nn cA SUAS MMi AE aE 136 36 87.8 .030 
AOUSE Ae erences abe eyes ¢ ac 66 36 RYAN .018 
SOpremiper ivy we soscw dese weianntns 78 55 60.9 .021 
Qetobered-10 ici ee aa els oo 55 45 49 .017 


Nots.—Obtained from records of Water Resources Branch, U. S. Geologi- 
cal Survey. 
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MONTHLY DISCHARGE OF PEMBINA RIVER, AT NECHE, N. DAK.— 
Continued 


Discharge in second-feet 


Month Per square 
mile 
1909 
PEEL re en, ee anys OB SE ae .145 
piabyey Uae aed ob ambaloy are bir ed 6 .038 
PIVOTS ee ies Bev ech he ws ch ob i 6s 89 .016 
EDLGMIDC DG oc Uru es meine f .0094 
QetOBet tks eaten se cee ts .016 
INGVEMDER (POA. OY OUP. Ee AER .018 
1910 
PASC ta BAN Bichy's dubec Walt ste 118 
POL CU Menge nutty ters .056 
COP he pT ADRS Sa Lai Si tat ae .041 
3 Lia oN Oe PORE POEM ER Ale (Ne ane ae .020 
LATTA Mr) es AN OLS SRE a .012 
Joh 4 bay dae ERC RCA a athe Shad ae .0023 
September 724.) 2, ddeenl. ould sae .0013 
MCRD R ae sc id oy a Soca a MeO Wek ans sa .0022 
1911 
ol HYG EAT 6) URE ba he MERE mei 0.218 
PUP TUES tet SSCS sak ae ade .100 
CEN SURES RE RO I Br AUP .079 
DM a eos eRe elie ee da rn es .052 
DE PEs cle On) Ge Ot. eR .017 
AR cy AERA Se Ieee SPO AE RE .0082 
MeHIEMIDET Gace ie Gok sone .0019 
GLOSS re gl LUM ae Ege .0067 
1912 
nice oP REPAY RTL Et ane Reap .032 
PDEA eho heim, ances & < .054 
DUAV PN aren ite wt OWE EA AD ses Ve .059 
ANIIIOME acct PC eS hie cheese .050 
LAST TAL SARE Ric agen en i eae ean aa 044 
PRATOUESE | MON ote vite ay a Nats ase acet see ss .029 
Mepranper alumsee eas wees katy .062 
PUEDEN S (tee lg eines aad enti .065 
November 1-23. seeds .069 
1913 
MPN aera Wr taker BN, Ay ceo SUE i: Be ests nes bs 
BE AC I etre ee Ure aia ae .18 
WRLC Ned Wier. nL Ree are .065 
URL RO e Al 0 ENA SE a ae | .036 
RUF IG OM Ae ALEC oih's akg ott ys cam Sela .024 
BERLEMINED i eit eck fecal ou ees .021 
Gletoher ics Ge eioea aes | Bee. .022 
1914 
PETA con eee Mere ata Gackt .086 
{AE SUA AOU Ete SSS AR ARE pia .066 
SIS ha Oo cee ie ciel ae alk ah ts .043 
LWA a aerate ented Beal RG eh sing ern .016 
WUPUST GRA a es Fook EAST Geetha ok sk .005 
POPLOUIDOL sft edi aeaa eck .004 


* Estimated. 
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Assiniboine River 


The Assiniboine river rises in Saskatchewan, on the southeasterly 
slopes of Nut mountain, adjacent to the headwaters of the Red Deer 
river. Thence, it flows southwesterly until it crosses the boundary 
between Saskatchewan and Manitoba, where it turns and flows south- 
ward until approximately in the latitude of Brandon; thence, it flows 
easterly to its confluence with the Red river, in the city of Winnipeg. 


Its drainage basin includes an area of 59,550 square 
River Basin miles. Of this area, approximately 8,800 square miles 
and Banks Pe 4 
lie in North Dakota, 37,700 in Saskatchewan and 
13,050 in Manitoba. Its principal tributaries are the Qu’Appelle, 
Souris, Shell and Minnedosa (Little Saskatchewan). 

As the basin is confined between the watersheds of the Red river 
and of lake Manitoba, the drainage entering the river in the lower 100 
miles of its course is very small. Above Brandon, there is a large in- 
crease in drainage, and, in its upper course, it is fed by springs and by 
streams draining the numerous small lakes of the upper basin. 

Where it crosses the Manitoba-Saskatchewan boundary it flows 
in a narrow valley, with banks rising sharply to a height of 250 feet 
on the east side, but with a more gradual rise on the west to approxi- 
mately the same elevation. 

The high banks of the valley are Eee erence of the river until 
it has reached a point considerably below the confluence of the 
Souris river. Thence to the mouth it flows through level prairie with 
sharply cut banks, rising directly from the water’s edge to a height 
varying from 3 or 4 feet to 25 feet. 

There is a great variation in the width of the valley, which, in 
several districts, widens sufficiently to permit extensive farming oper- 
ations on the flats on either side of the river. The soil of these flats, 
though rich, is in constant danger of flooding from spring freshets. 

The bed of the river, where it enters Manitoba, is approximately 
150 feet wide, with a maximum of 250 feet. 

In the upper reaches, the bed is mostly of a sandy or gravelly 
nature, strewn with large boulders, but, near the mouth, the banks 
and bed are composed largely of a sandy clay and boulders, with an 
underlying stratum of blue clay at a depth of from five to ten feet. 


Throughout the basin of the river in Manitoba the 


Purel ; : sp : 
Agricultaral land is practically all settled and utilized for agricul- 
Country tural purposes. The little standing timber is chiefly 


small and of little value except for firewood. 


MINNEDOSA RIVER—RESERVOIR AT RAPID CrTy 


ASSINIBOINE RIVER—OLD DAM AT MILILWooD 


SSTIN NI atYvoSs 


jO uonsauip ayy vepun pavedaug 
NO!LWHLNIONOD YIMOd AIGISsOg 
SNIMOHS 
YSAIY VSOGANNIW 
JO NOLLONAS OL 4 
a1M1sd0ud BZOINVSSIVNNODSAY a3 
Patil Prat it 


Bite --.. HN Wh 


COAT 
aoe==;. 


° 


Om 


Oki 


Et 


“TaAS1 WAS BAOCEV LAgd NI SNOILVAS 14 


= 


o¢cit 


Stil 


4s 
—— 
ae oa 
ae orate Ec 
Del 
u 


OPI 


S¥I/ 


Osi 


WWOOd 


<< 


= 
‘ 
: 4 
i —— 
ee nT en oe ed ———— 
in <2 . =e 
, 
mene 


f { I 
jog sos f Ha a ip eg oo tee 


1 ~ sp hed HRS 


mn TE TE a RS CNR 

P ~ 
é 
€ 
x 
$ 
t 

ee 
€ 


| oh f j ‘ d = 
i H 2 iw buh a 
img Crery ren sc SRdhI oie dapat ston fi i a 
i ' vi j 
U d i + 
eS, ea ik SY a | 
‘ ' . rf 
‘ } > ‘ 
I unwed eh ewe th free cart yoni z vt oleae ba anes f wernt 
; \ { Din i.e i 
i *! il : ; ae te a NONE 


anes RAIS VRS is 
Koki AR Les 8 


; ral 
( 


{ Jabiihoned fe ee va bent 
Si ia, Ws 


a Hf Ne ‘oe 
= t i® 
wr jroo tdlad naan, ge 7 
ae | 
: bis ah oe 


isa 


2 <a ae aan 


dealin iodo pre 


¥e renee — al nai ieee 


Me 
ah 
|e 


* 
" Mb emne! a 


hlaaatescip nen erm ny ‘pene anne 
ie t 4. Gf s 


7 Ps Pe Vine at’ 
, et ee ro Leite A } bt 
CF Di Ge semaiyl ensiea ebeiveger ss nan AA share 1 was ae | ns 10) 
5 a re Be y Jl il Gi 
PGEEYKE, Cahoon Na ny i 
5 a i amet HOM bearded a-ha pbs 
HS : i. crOMALOS iy bere Yeo ae 


RED AND ASSINIBOINE RIVERS 43 


The Assiniboine flows through the most thickly settled sections of 
Manitoba. On its banks are the three largest cities in the province, 
namely, Winnipeg, Portage la Prairie and Brandon, while its con- 
fluence with the Red is directly opposite the city of St. Boniface. 

In the lower reaches it can be navigated by boats of small draught, 
but, on account of its very winding nature and the numerous shoals, it 
is not used for commercial navigation. At almost any point in its 
length in Manitoba, it is easily accessible from good roads and prairie 
trails. It is crossed by numerous lines of railways and is closely 
paralleled by them for a large percentage of its length within the pro- 
vince. 


Precipitation.—From the records of the meteorological stations 
scattered throughout its basin, the average annual precipitation for its 
drainage area is found to be approximately seventeen inches. 

During the spring freshets, the river is subject to wide variations 
in flow; during 1913, a range of 12 feet was noted between the 
extreme high and low water levels. The period of high water, how- 
ever, does not cover more than three weeks, and the average varia- 
tion during the remainder of the year is approximately five feet. 


No Power De- There are no power developments on the river in 
velopmentson § Manitoba, the development at Millwood having been 
River. destroyed in the spring of 1913. A total head of 18 
feet was obtained, and the power operated a flour mill. While a large 
part of the wooden dam still remains in fairly good condition, the 
foundations of the mill itself were destroyed by the scouring action 
of the water, and the building, chiefly of timber construction, was 
carried down the river. A photograph of this site, in its present condi- 
tion, is shown facing page 42. 

Three surveys of possible dam sites for the development of power 
for Brandon have been made on the river in the vicinity of the city. 
One of these was made in 1902 by the late Cecil B. Smith for the 
Western Electric Light and Power Company. The second was made 
by R. E. Speakman, city engineer of Brandon, for the purpose of 
investigating a proposition made to the city by the above mentioned 
power company. During 1913, a reconnaissance, by the Manitoba 
Hydrometric Survey, was made under the direction of the late G. H. 
Burnham, at Currie Landing, about 12 miles below Brandon. 

The results of these surveys show that, in the vicinity of Currie 
Landing (see profile facing page 42), a possible head of 18 feet is 
obtainable. This head would probably be diminished somewhat dur- 
ing high water. 
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Assuming a minimum mean monthly flow of 45 second-feet, 74 
h.p. could be developed at Millwood with 80 per cent efficiency under 
the 18 feet of head, while for the period of six months, from May 
to October, with an assumed flow of 118 second-feet, 193 h.p. would 
be possible. At the Currie Landing site, a minimum mean monthly 
flow of 60 second-feet may be assumed, which, with an efficiency of 
80 per cent under a head of 18 feet, can produce 98 h.p.; for the 
period of six months, May to October, an assumed flow of 180 second- 
feet would give 295 h.p. at this site. 


DISCHARGE OF ASSINIBOINE RIVER, AT MILLWOOD, MAN. 
(Drainage area, 7,590 square miles) 
Discharge in second-feet 


Per square 


Maximum inim ; 
Minimum Mean || as 


1913 
FEV aed IRA NaN SHRM EARN TW gl \ .022 
Meprdary cess Gules te eae de .021 
EV yo iva IEEE CM IRD BULA Ge Rta .026 
PATTER USGL ES Ve EU reac NU .632 
Ve Sees Uist TUN anna as 6,351 .596 
IGM OA USEC REDS alg ile Bee 3,235 245 
NR Cg ENMU gH TRS aC AN SR 4073 | 445 
PATE SEH is Sk ec ae PRR imi UR EDN 3,908 | .334 
September) eu aval al aia 1,609 | 145 
ROCTODCE |. RN OW Cee nue eatery 890 | .093 
1914 
PARQUATY (eu ec aaa a 111%), .013 
PS DOUATY hc eoleie HB Oe ue ea RNa tie .013 
NPAT GIT SAP Ge URN D Lie Oe rte ig Shao reh .012 
FAN NS ee UIRDERUIM RINE AU MR Un) ME ae NPE RN 3,800 .229 
MAY. k eee eee Gnd nC Ue aa 4,649 .481 
TUNES Mi GEOR NY Wey wee ee Malo 2,184 .156 
Ty cope ee alae) AC een Cae 540 .048 
PANEL ATA) AIPA eA A RPL ogg 48 8 OM RSNA 184 .017 
Bepreinber ioe wale wun un anc iaiie: 136 .016 
COCCODECE Hin Yala aan Ve Un Aa 160 .019 
November). ceiver since mtat ae 157 .017 
December. Ain ween ee oe wants 117 .010 
BA 5 PNUD av uN) Cn UM ys ate. 4,649 1.031 
1915 
MARU ALY OL GAL Pe ie ee .006 
PU EUAEY Kika Seti k ela aApA ate .008 
1 A ae nO PI ON Di pbiy via OY .009 
159 611 2 LE RMR AOU) DR 40, 1,202 .078 
Sad SEN ROR DER TEI DNS RG ka 373 .032 
PUTCO Ee aries lh calli aie ean ted ate 329 .034 
TAU ee me LY OTN ae 625 .049 
POG OTISE ee WU CC ai chan tae 308 .020 
SEDECINDC TI Eh eines Hus oun mee 136 .016 
COCHODEL IRE OR GTO LO). Seth Ll a 163 .018 
INO VEO DOO Oli ial oh cen call 163 .017 
DeCenUee ieee Aye sleey whos eros .010 
ACY gio Seurae Sehen Nee Mieanat ena 1,202 .025 


* Estimated 
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DISCHARGE OF ASSINIBOINE RIVER, NEAR BRANDON, MAN. 
(Drainage area, 34,500 square miles) 


Discharge in second-feet 


. oar Per square 
Maximum | Minimum Mean wile 
1912 
Pe A) 1) RMN send DEC 1,822 .06 
Bake OL Dihe GU LALA? GIG fan ae em 1,270 05. 
PROMIDEL ati te ed oo ea eau 1,472 .089 
CUAL a) tat gts Agha, 4° OU IES BO aR 2,410 .103 
IOWeIMber i A-2o sie ohh s sleds awe 1,426 .056 
December ....000% 54. Nate Gis aah aie .012 
1913 
PRMRAT UH girs shies wer anderdcaginnidsy oe 012 
EN CUAT YA Malta Ou ebts ¢ .012 
PL Arey iy icpia a tee Ve alae eh Je ra 012 
POTD EAD hoe wrehcd tage soak wiaee valle oan: .164 
EE OR ein oF a ie Ee Sea .293 
1 IOC Foe CAS IG eh Eg iy hay i a A 2,178 .100 
PV Hie POE cb esse se ey <iPerstah Ly 2,103 Bay 
MONTAGE cco iia abe ees Neg Sats oe 2,395 .103 
OEPECTIDETE | Nadie ot eie at si so) Wales e's 1,140 .047 
CGO DOE EK Tae 5 y's Wisi cale Sunsenaie ys « 045 03 
1914 
I AMREEALY [oleae octaves coat aie whee acs Score .006 
ERMC NE Wa Ah glare oral dds .012 
Re AMIEL Ns eG) asa 2 als .087 
TEIN Sy ites Sox cinta: sporoecess 4,320 ahoo 
AISLE A ae ae aE EE 1,030, .070 
TRL need da a Sis CMON ie sn, 435 .022 
PRISE ent ert) Sanai ales Sa eta aa 203 008 
DOUCET. pti sal eald oa We cane 169 -005 
(IEE DET Ios ein Nee cent Sates ate 148 .007 
INES V ORI DOE ge Aeee so ala he oe .007 
Pletember wot cr eels 106 .005 
1915 
POLY yale Vid aid siore erates cece .002 
Bee rara ry iaie vas ee ea eeenaea, chia 57 .002 
jy Ey ral a ey Sai e tagar dk Wn at BU OG a .003 
007 1 Bn Ae Neo PRA A ae .026 
RATE asd oe ito Pag isda atta is 502 .017 
BUS ONE ta Pe REREAD RE 357 .013 
Be GR al es BRN SEE EEA ie Oe MA EA 379 .017 
MUTA NIGEM VEY Goocticars ay cla nih intaimas Waterss 187 .010 
SevtemDen ica) och aed aoe oes es 171 .007 
Monee ie ei eet .005 
Rinvember Milos Cees Mate eee .005 
December ve aioe desk fo ueitas .003 


* Fistimated 


46 COMMISSION OF CONSERVATION 


DISCHARGE OF ASSINIBOINE RIVER, AT HEADINGLY, MAN. 
(Drainage area, 59,420 square miles) 


Discharge in second-feet 


Month Maximum | Minimum Per Geet 
mile 
1913 
PANRALY Nae ee cae einen ete .008 
PEDAL Le he A a RN ies .007 
VEATCH NS ie Oi cree rate tate ere ween UG .007 
VAD TAL UMD suc oa ene NU aia Ca B .087 
Ma T ae Se Rite Cetubes Gossiale Cesta ete 14,069 .021 
FLAG ihe Wale sepia! SUN cate hace ine TENN 6,768 .075 
A ROY SEU RAO GS a Toe Cra A 5300 .064 
VaR get Ra Tue UPR eR GD EMU RE 5,035 .067 
DEPCEMDEHV AU Meu 2,693 .034 
COCEOBER EVO ae aT 1,390 .020 
1914 
PANU Sh hou Ne Aue Melba Gbig ean 420 .006 
Hepruany Waiey ost ne nu ues Uae 324 .005 
SEY ted DPR ROC NMS i INT ANUS ADNAN AC .005 
Fo 9 EUTRURTARNGURED MAR TES BESO Ga ag .057 
LE SERA SN ar RCE SS uti wesP AUB nl ga 6,550 .103 
TARTS Noh eeu Me LOLA naa EAN 5,900 .056 
PoE air ARR MUD MBM NGA HMR ITS aE GS Ey NA 1,730 .021 
VAISS EC NUE Na RCo RU ORM NE gt ae 840 .009 
BEBCCMIDED ANS re Amat Osa, 495 .007 
COCPODEE SE MRR ONE Tie SBN 484 .007 
NGVem Der! (i: TMG UN aire un Glynn .005 
December oi Soy Ea 275 .003 
NAC ch MMR TE SU ve ue AANA) oA 6,550 .284 
1915 
PEE E a AMR RR OR UA GHG Nl 132 .002 
Hemera ry oa lites alee lacey is 163 .002 
EAE RNC SOMA AN RLY DME 371 .004 
Fa 5) 0 PHC me OREO RE DREAD EUSue eae ea 1,685 .018 
fy Es AN OLR ANAR AN Onee IEA MSO MU 1,380 .014 
A pee ek ARO MRR ROMO SR TEE RR CoA IR au 694 O11 
URE R LEM NeMIcina ig SU A RAR OCP aM BL a ae 829 O11 
AM OTISE NH. ee Rian hetclnan Ra 900 009 
September lei Oy aU ae 488 006 
CCCOBEE NL Usa een AMI aI TN 494 .007 
INGVeR ber ORO Bale .006 
December 1 cise keine en hae .003 
hd oe I AMBLER LTS AUR tale} eh 1,685 .008 


* Estimated. 
Souris River 


The Souris river rises in the southern portion of Saskatchewan, 
about 20 miles northwest of Weyburn. The upper course of the 
river is southeasterly to North Dakota, where it bends to the north- 
east, following this general course until it joins the Assiniboine river, 
about 22 miles southeast of Brandon. 
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The basin of the Souris is probably larger in com- 
Large Drain- = parison with its flow than that of any other western 
age Area i ie : 
river; it includes an area of 22,860 square miles. Its 
extreme width is 160 miles, and the length, from headwaters to mouth, 
is 200 miles. The river, following its windings, is nearly 550 miles 
long and has a width varying from 85 to 170 feet. The upper por- 
tion of the basin in Manitoba consists, principally, of a sandy or 
gravelly sub-stratum, overlain with a light alluvial soil. In this area 
the valley is shallow, but, near the mouth, the soil becomes heavier 
and the valley much bolder, with steep banks occasionally rising to a 
height of 150 to 200 feet. The banks of the stream vary from 20 to 
30 feet in height, and consist of sand, gravel and clay. The land 
above the banks of the valley is, as a rule, bare prairie, with very 
little timber, all of which is small and in isolated clumps. 

The difference between high and low water levels of the river in 
some districts has been noted as being 20 feet, but this is an extreme 
condition; the normal variations are about 10 or 12 feet. 

In Manitoba the basin is well settled, with several thriving towns 
along the river, including Wawanesa, Souris, Hartney and Melita. 

The river is not navigable except by rowboat or canoe, and tra- 
velling would be difficult even in this manner during low water periods. 
Passing through a well-settled country, with a soil which tends to be 
rather sandy, the roads are good, and the river is easily accessible 
therefrom at many points. It is also in close touch with railways 
throughout its entire length. From the town of Souris, the Estevan 
branch of the Canadian Pacific railway closely follows the course of 
the river to within a short distance of the point at which it crosses the 
international boundary from North Dakota. 

Precipitation—The precipitation over the area 

ee oe drained by the Souris is very small, varying from 15 
to 18 inches, and the actual run-off for the year ending 

Oct. 31, 1913, was found to be 1.4 in. per square mile of drainage area. 

This extremely small run-off from the large area drained may be 
attributed to:—(1) Small rainfall and snowfall. (2) The topography 
of the country. The flat prairie country bordering the river holds the 
water in the sloughs, where it evaporates rapidly, aided by the 
winds which have full play across the open stretches. (3) The dis- 
tribution of the rainfall. It is noted from meteorological reports 
that the greatest rainfall in this area comes in the growing season of 
the year when evaporation losses are also greatest. 

Between its confluence with the Assiniboine and the point where it 
first enters Manitoba, it descends 305 feet, or about two feet per mile. 

The flow in the river is very irregular and, as it sometimes goes 
down to nil during summer and winter, no definite estimates for power 
are given. 
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A power site, situated about one mile above Souris, Man., has been 
investigated by the Department of Public Works, Manitoba, in the 
interest of the town of Souris. A head of approximately 25 feet could 
be created by a dam constructed just above a rapid which has a fall of 
one and one-half feet. This site was first investigated in July, 1906, 
by Mr. K. S. Patrick, who found the flow at that time to be over 4,600 
cubic feet per second, giving 1,300 theoretical h.p. with 25-feet head. 
The same site was afterwards inspected by Mr. A. Livingston in the 
month of March for winter conditions. The flow was then found to 
be 100 cubic feet per second, giving 285 minimum theoretical h.p., with 
the 25-feet head. Mr. Livingston further states that from 600 to 800 
h.p. would be available for eight months in the year. Subsequent 
stream-flow observations show that the available power would be 
much less than Mr. Patrick’s estimate. A stream gauging station was 
established at Wawanesa, in October, 1912, by the Manitoba Hydro- 
metric Survey. The following is a summary of the records obtained: 


DISCHARGE OF SOURIS RIVER, NEAR WAWANESA, MAN. 
(Drainage area, 22,500 square miles) 


Discharge in second-feet 


Month Per square 
mile 
1912 
October 72S Ly, a aa Gan een .003 
November, (1-159) 0 et rune: .002 
Deceniber Lis ya eau en .001 
1913 
MAMUAT YC Yae ue ey enue) Sen ae .0004 
FH ebraary iin ch oie a oale mie eeataas eve .0002 
Mareh 280 Bs ean aN .0004 
ADT (OLS SO Wien etek) SRL AT .043 
Vyssh ees eee Bana Me RRO EE rane .041 
PAPERS | ills rec ae ee ERT .006 
A ot Ra RMere mH ANDAs UAT GIA DIAG CUNT MFA .0026 
ATUISE, cE IS eR MNS er aad area .0024 
September! {iii ey) Henne eta .0024 
COCEODER i sccny cea ie ae ete .0022 
1914 
MPRUALY (lee ecick ek wi ahaa ne Weaaee .0002 
Perea ty) 2) Mae ee, Ree tee 
PEALE a Ati hia US Re oa Radeon .022 
A NECN Cee eh SL ANS Ae eu Foam -.030 
JUROR aR Deh Ee Rae O11 
MAYES Mee a cle gigas ass ate head tec onee .007 
PATE ATSE Hels alee ico 5.00 at acer SUC .004 
SEpremrHen Ws Goes tamale .002 
OORTGDOTIIY Yara it Me. he aU ea .001 
IN GVETIDERINE i ere ett once isola .0009 
December nwa He ae ene .0002 
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DISCHARGE OF SOURIS RIVER, NEAR WAWANESA, MAN.—Continued 


Discharge in second-feet 


Per square 


Month Maximum | Minimum ! 
mile 
1915 

PATTERNS OUT i OM a cag Sy, 

Teeb ria ko MM NL Sag gio. 6 

WiAreiem sary Wen ImIL UCN iy .000 
PRDEUEU RL Taian eR MLE SEU .004 
LE ie TLE EU, AON Na RE 86 45 .003 
USCS hi SAM MEE RET VEE aE in a 116 11 002 
TURVAR IM ciate. 1 RECA ie ON ACER 62 11 .002 
PURER! vale OL MURS Sei i /LUky ; sia 0 000 - 
Stel Loo Fi be! MA DOME Sa RE RE 96 0 .001 
SLES Res 1 ob 7 RA ROOTS NS TAIT PN Re 57 11 .002 
Ht py oi 415) oy REP PELL ol AREA A Ra .000 
POCERMIOOE Gn ek a chee NG .000 


* Estimated | 
A stream gauging station was established near Estevan, Sask., by 
the Irrigation branch of the Department of the Interior in 1911. The 
following is a summary of discharges: 
DISCHARGE OF SOURIS RIVER, NEAR ESTEVAN, SASK. 


(Drainage area, 4,550 square miles) 


Discharge, in second-feet 


Month Maximum | Minimum Mean iat aa 

1911 
FUMIO VN ice ek ets , Aid 12.2 .003 
NP eeu UU a LT Boa iat teh: 5 .60 4.39 0.001 
PAISUISU UR ol abel clk Gila N .50 1.49 0.003 
September... wie enn . .42 1.91 0.0004 
ctoper ay Nani i 50 33.8 0.007 
November (1-15) 9.6 19.1 0.004 

1912 
JENEEZS SONS ee 18.8 20.2 0.004 
Ey, OLE Gea Ry aah, 9.5 13.2 0.003 
PLUCIS O Hayes Ss helo geisha ae 3.6 S85 0.001 
Septenier yay se a 2:3 3.02 .0006 
EEG DSR IR let ye 2.6 6.67 0.0010 
INOVEID DER ee hu uae ae Z's 4.41 0.001 
DCE DENN OL tals ae 1.4 2.26 0.0005 

1913 
BET TEEN cae Sag A San oe 0.00 0.287 0.0001 
UFO L) obi) glen mae 0.00 2.420 .0005 
WESTON ee ean al ae 9.80 44 .000 .0100 
PDT ere pet alate et 30.00 409 .700 .0900 
Dla ents Neate Rigen gee 11.70 17.300 .0040 
PUTS clisns Sse ae 3.50 12.400 .0030 
Url ala es eo male uge beac 8.10 21.400 .0050 
Pitter mee A he) A a 2.30 4.230 .0010 
EDERTIDET es adie: nate 0.00 0.659 .0001 
eraare las fet, shone 0.00 1.050 .0002 
Nogembéet i iue. cs cae 2.00 2.230 .0005 
PIC OMIDER WK foci oo ae 0.33 0.961 0.0002 


4 
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DISCHARGE OF SOURIS RIVER, NEAR ESTEVAN, SASK.—Continued 


Discharge in second-feet 


Month Maximum Minimum Mean Per square 
1914 
WANUSLY hola ee ER ne Oe 0.43 0.07 0.30 
Bebtrary, saci eee. 0.57 0.34 0.50 
Neate es Care nae 200 .00 0.49 86.00 
ee | AN Ra ba AA. MABE SE 500 .00 77.00 229 .00 
AE Sm Ra Nb Ge Mat te 132.00 36.00 65.00 
JUNE aN a 613.00 28.00 155.00 
RU Ue Fe Ne ay 34.00 3.60 14.40 
AURUSE i On Sea 5.20 0.80 2;20 
September) iis enligueu cs 1.50 0.46 0.83 
October ORT 2.00 0.59 1.35 
Movember: (ee ines) 1220 O:53cims 0.76 
Decemper ose ee e's 1.10 0.90 1.00 
1915 
Aner CO alpen wink Al .96 1.01 
Prebriiaey i ae M eee 5.90 81 1.85 
IM AEON iret vcr hci 3.80 81 1.86 
ri une Lan) ek he 3.80 2.10 3.00 
MAW ewe dae wk male 3.00 1.24 1.96 
JAUME Wai ie aaa Ma 2.40 47 .99 
Ttily a a es 8.90 47 1.20 
WVTISUSE CE Liki utie rane .60 .O1 .28 
September ..... UPS,” Saunt 05 .O1 .04 
Pera) sen RE AN HEE AUD 06 01 .05 
November vck ee eeek | 1.05 04 43 
DeCaMDER hela wen canes 76 .60 72 


Discharge observations on this river, covering a longer period, are 
available for a station established by the U. S. Geological Survey at 
Minot, N. Dak. The following is a summary of same: 


MONTHLY DISCHARGE OF SOURIS RIVER, AT MINOT, N. DAK. 
(Drainage area, 8,400 square miles) 


Discharge, in second-feet 


Month 


(LA del ea Uae ANE TB. UHI REL SR PALE 258 
PC USE ik iy ale enemieaes 114 
SEprempbery 0s kilo Meee Me buns wae 81.7 
CREEL 5 5) CM AN es te ante 71.8 
November (1-25) 64.3 

1905 
Maren Oo-31)) les) sacuoe ic at anon 97 .6 
DER RS wite s wistele) cereale Ces Che IEC in 61.2 
IVa cei es Sik he's eal te calls et 64.1 
ATG Ca in ee toh eae ce te ous tray LAR 98 .6 
NAV, leans bbe eros wiolete a dies . Shed 
Vahey 3 2g) ARNE SIR PRI a PL ag) ON 68 .4 
DCDLEMIDENe we vty sven lee Raman cues 30.3 
October te ea elu niece nu icseee ie F525 
November (1-28) 24.6 


a 
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DISCHARGE OF SOURIS RIVER AT MINOT, N. DAK.—Continued 


Discharge in second-feet 


Maximum | Minimum Mean Per eae 
PET ONIFl, Dae) eee ERTL och aat alle ic 1,320 — 454 .054 
fT Te he ACR 0 2 A PR 159 .019 
FARES CON ait PRD Ady Lilies doe al Ligeal's 401 .048 
USS pho aie cam Ler PeUB , PPA NI 214 .025 
US LY Ae ag dy TA PO Ot 61.9 .0074 
Roa) ty tor CALE at oe As 2 a APE LO | 26.2 .0031 
CERO OE ye ia rt nie Mh totes chy ac eantels 16.1 .0019 
Novemper  Cle1B ye Uys ales! | 18.0 .0021 
1907 
TN Ghd |) Og Sci Rt Ra ee ae Oot aR 183 0.022 
Me PPE Al Lia's fave Ween stale Rp ete hee ical 2,190 1,500 .179 
RG Mair ainda hiittaal EU umn aoe ere eal 2,100 820 098 
TEST ich | PORE ESE CP ALT Uae a 440 056 
PRASMAGEN Dee eed a held Ne Oo. 104 .012 
SETIPERID eI 2 EMO Une a chet 3012 .0043 
COCEO DEE ule Mee ens hehe aleve he 20 .0024 
POM er ere Ne My be ne ae ie 16 .0019 
PGC R DOE ous cee ek UA 11 .0013 
1908 
LIENS i at AE AEE eH a a Me Tn 8 
SRY PE VB aU hen DP AL ap 6 
LES Ca MM ARR sa AG ea 20 
VRE Rava nt aRe ene.) Wee WIN On 
Um ce Gn oe A CARA ANT a 136 
WENN CAT RAST HO Vn eG 239 
Died Dior Sr) AGA eS GU a 125 
PAUSE ec ute kM NMR I Ly. UN, 94.1 
MEDtEMINer ss Lo kane i hay 63.0 
Ge 8) os pup EE NRL OD i 23.1 
IN OVERIDET oe ea i a tie 30 
PECeMDEL A oc. Meese esa ye 15 
A 8 SPANO RAL Te MOR RS PAO et OUR 80.2 
1909 
DATO LIRSO rao cu ea ie 411 
Aprilecn 5 er At ML VE TA Daal 727 
PRON Meera. it, 5) st baa ills cee nia 289 
TREEC cc Og aia CURR DHO Naat nes Ae But 322 
Bes 00 SE RO RRR SS ROR te a 82.1 
Tah reco 2 ARS MA SU AE CEA Ae, ee | Rn ar i7 
Dencempen pes es ee ee eR 15:5 
Chote cit dh re Oise ty ig Ae ‘ 
NOVEMBER a ks Maly el eel k ies 
1910 
BEELER Vg ALN PRR MAB ab tan ig CAPR 0.55 
POUR ACY Ce eer oa ae rude he 
LSS) pee teeta thal co B ag i A eget 127 
TT rh Eagan 2), Ae oe ec aes, AO Ene 173 
DUB ane eteae nat melee ean tan 110 
ESC A aE Ou Nat ash tcp ee Vio 46.6 
Spa Silke eg Noaptea SA) Ye Yan 21.9 
FACIOTISEN he Ce care Ctra? 2.13 
SrertemBen tain, «twit ec uitts Acs) 


a Partly estimated. 
b Estimated. 
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DISCHARGE OF SOURIS RIVER AT MINOT, N. DAK.—Continued 


| Discharge, in second-feet 
Month Maximum | Minimum Mean SRS 
1910—Con. 
CGE Ber ds sag CME Lee ae ey 6 5 152 .000061 
Noveriber Wace a ee ee uy 5 57, .000068 
December Veo. eG Te 5b .000060 
1911 
Maren WiElO-S Ey oie ee Oa 14 26 6.80 0.00081 
PADS ees tilt ree Ca NLR RNR a 744 14 339 .040 
Yves ye URDU RASS OREN UN eet LEN Fae 146 449 .053 
A Doras C UCARM AP Ss eth EDT EARN SA 214 55 138 .016 
RETARD EA hort CORRE ODOT NES TOA A AA | 64 14 34.1 .0041 
UN ISTEGE Taal nies iat by a Cau Ala ey ca 24 3.6 15.6 .0019 
September 1 iis Puke he lee a a 4.4 Hy YAN .00027 
COCCI SE REO RON Ue ama 7.6 7 2795 .00030 
Nomeniper es GAO OR ahaa 18 10.1 .0012 
Decerbee iy Ves vant naked Uehara 2 .00024 
1912 
NSSCRE COZASS EY a Wp delay 450 13 173 .021 
6,38 URAL ND ae PT A A IR 1,200 306 695 .083 
IVE SA AMER ANGE MBO Ue Milt LOI 983 235 511 .061 
A hehe CAN RSA TRI NOOR IL! OO OR AURORA 498 69 239 .028 
Faby ac eaie hie CAUSES ARS ACAN 69 60 66.7 .008 
ATR ISE as TURRET DUS 60 30 42.7 .005 
DEDLEMDED UG RV MOU MOG, 52 24 3509 .004 
CEO BRT Mena UD MHL RU 69 24 48 .0 .006 
WO VERDE Ee NO Une aA 69 30 42.3 .005 
1913 
UY Eos 4 HARON OR AUS RUNG 59 .007 
PAN i) LACM MAORI GAO LR SPIT REA ne JN 1,080 266 795 .095 
1 AA LOE MAL UND MMO Rete UG CIP! 266 90 144 .017 
EE UUM SIR FCA RETA MUP I A 90 Zo 30.4 004 
J ay VRE CCRC AC RON ea tate 174 1 W'¢ 74.9 .009 
PNG CS MRR aERU AA a SEAMED A 125 68 87 .3 .010 
DEPLEMIDER EL GA RNY 79 5.6 20.6 .002 
OGEOBER EK ey Saba MAG ala) 5.6 B59 SEZ .0004 
NOVEMDEr Le Oo an 47 3 245 .003 
1914 
1 EE el 5 MURS AM OLN CMTE DU aA Ha al 665 186 .022 
Dae) | Vm RI Gn UR OY IAN 8 A 1,080 266 646 O77" 
1 ah NUN AO DOU NAL NSE. Meh ALD 293 150 227 .027 
1 EUS 5 | ATW OMR RON AL SLCATOL BO BRR OT AE 482 137 265 .032 
YEN Gils SAR A HRI RE RAR Bat ION UNO QIU 200 9 47.8 .006 
PRAT USE FINAN doe UAH MINCE) Hanae Mey ane 9 2 5.10 .0006 
BIODEEMIDOR ARM iO tuo. iN ON 6.5 1.8 4.07 .0005 


Notr.—Discharge has been estimated for period October 1, 1907, to March 
31, 1908, and is very approximate, there being only one measurement during the 
period. Discharge for November 29 to December 31, 1908, has been estimated 


and is only approximate. 


Minnedosa River 


The Minnedosa (Little Saskatchewan) river rises in the southerly 
portion of Riding Mountain forest reserve, and flows in a southeasterly 
direction until it reaches Minnedosa. At this town the river turns 
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almost at right angles, and flows southwesterly, until within about 15 
miles of its mouth, where it resumes its original course to the south- 
east and joins the Assiniboine river. The confluence with the latter 
occurs eight miles west of Brandon, almostly direct south of the 
headwaters. | 
The watershed of the river includes an area of 1,640 
pati A celina square miles, the greater portion of which is hilly and 
undulating. The width of the basin in the upper 
reaches approximates 45 miles, and its length, from mouth to head- 
waters, 60 miles. In its upper basin there are numerous small lakes, 
draining into the upper tributaries; from this section most of the 
drainage is derived. In the lower reaches of the river very few tri- 
butaries are met with. The largest single drainage entering it, Rolling 
river, is encountered about 13 miles north of Minnedosa. 

Its course throughout is very tortuous, and though, as above noted, 
the length of the basin from headwaters to mouth is 60 miles, the 
actual length of the river is 125 miles. 

The valley of the river is well defined. The banks vary in height 
from 100 to 300 feet, while the distance between them varies from 
1,000 feet to a mile and a quarter. 

The soil is principally sandy clay, which, in some parts, particularly 
on the lower levels, is thickly strewn with boulders. This soil generally 
overlies a stratum of gravel, and, at a depth of about five feet, blue 
clay is encountered in most sections. Pockets of quicksand also 
occur but are not common. 

The river, almost throughout its entire length, flows over a bed 
composed of fine gravel and sand, which, in some localities, is 
thickly covered with large boulders. In width, the bed varies from 50 
to 90 feet. No rock outcrops have been noted, and it is not likely that 
they occur in any portion of the river. 

In the upper reaches, much valuable timber has 

Teaanilinsa been observed, but, elsewhere, very little marketable 

timber is to be had; the country is well settled and the 

land largely under cultivation throughout the basin. The unbroken 
land is generally covered with small poplar and scrub. 

This basin is one of the oldest settled in the province. The soil is 
1ich, and the section north of Minnedosa is noted for its oat crops, 
while, in the southern portion, wheat forms the chief product. It con- 
tains the settlements of Rivers, Gauthier, Rapid City, Riverdale, Min- 
nedosa, Rolling River and Elphinstone. 

The river is navigable only by rowboat or canoe. Throughout 
its course, with the possible exception of the extreme upper portion 
of its basin, the roads are in very good condition, and the river easily 
accessible. It is also in close touch with the different railways along 
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the lower 100 miles of its course. At no place in this distance is the 
river farther than six miles from a railway. 

Precipitation —Records for Minnedosa, covering a period of 32 
years, give the mean annual precipitation as 18 inches. 

In 1913, there was an extreme variation between flood and low 
water of slightly over five feet. The flood conditions lasted for a 
period of three weeks, but, with this exception, the maximum varia- 
tion in the stage of the river has been 2:7 feet. 

A reconnaissance survey of available water-power 
sites was made during the summer of 1913 by the 
Manitoba Hydrometric Survey. The river was exam- 
ined from the Assiniboine to a point about four miles above Minnedosa, 
and investigations respecting possible storage were made up to the 
headwaters above Elphinstone. The profile of the Minnedosa river 
facing this page gives the location of four possible sites for dams 
and also the two existing developments, as investigated by this survey. 

The lake and stream areas, with the adjacent low land and 
marshes in the upper basin, which might be utilized for storage pur- 
poses, are as follows :— 


Andy lake, including Big Jackfish creek .. 1,000 acres 


Power Surveys 
and Storage 


ackdisha lakes icy) aa i ebaneMn Rai Gti A L260. 
Bottle and) Spraceslakes en van w ae tn a LOO Na 
PORIUREN WR eRe it) RULE Mt Maes UU Rae Sea Bi SOO anes: 
Ceari ak eis eae eed Ci any AS ieee a ae 8.960 vn E55 
PrOutG ae: ei arr UCR Me DAE ME ST Soa na bates Boe fi 
Stuagtilake Wyle pen Ue ar aang else CoO 
Dakiplake ny Wass) ee Sieh ine! BUG feulemneoee 13003) 
Tiromas Make yk Ci Wee Vo hae iti i nea ot 20D waa 
Beautond Wake i Sees eign tos om ia ea eae O00 38 
Tonge: (take cic ic aU ee aire ete L800. hf 
Sati wildy ciaieiee. ik eis aie Maal a eaten ie, ZOO ts 


Further investigations of the storage possibilities on the above 
lakes, however, render it extremely doubtful if any feasible storage 
can be secured in this watershed. 

The data at hand show quite a variation in the flow of the river 
from year to year, but is not sufficient to allow of definite estimates 
for power. Should a regulated flow of 200 second-feet be feasible, 
which seems possible during certain years and portions of others, the 
following power would be available at the different sites with an 
assumed efficiency of 80 per cent: 

Brandon Electric Light. 30 feet of Bead 545 iho “power 


Minnedosa Power Co. .. 25 455 

DA Oe NOW ALL AG fess ee) FSO ch 
Dam SiteiNow2 ss Bish 4 shaogo ie Ps 8) i 
DaniSite Now Mr dentin “fy BOO ‘ 


Dan Site Nova ee ae COs vi 365 u 
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POWER DEVELOPMENTS 


Badan The hydro-electric plant of this company is situ- 
Electric Light ated on the Minnedosa river, one mile above 
Company its junction with the Assiniboine and nine miles west 
of the city of Brandon. A timber dam, 260 feet long, gives a head 
of 30 feet. The power-house contains two units, each of which con- 
sists of a 54-inch wheel geared to a 300-k.w. generator, The elec- 
trical energy is generated at 60 cycles, three phase, 1,100 volts, and 
stepped up to 11,800 volts by six 100-k.w. transformers. A nine- 
mile transmission line of No. 6 hard-drawn copper wire carries the 
energy to Brandon, where it is received at the company’s steam sta- 
tion and stepped down to 2,300 volts by a set of transformers similar 
to that at the power-house. 

With regard to the fluctuation in the flow of the river at this point, 
the operating company states there is a sufficient supply of water 
during eight months of the year, commencing about the middle of 
April, but that there is very little water between January and April. 
Partly as a result of these conditions, and partly on account of having 
to supply an important central steam-heating system operated by the 
company, the water-power plant is practically inoperative during the 
winter months when the energy is derived from steam power. 


The company’s steam plant, located in the cen- 
Auxiliary tre of the city, in addition to the steam-generating 
Steam Plant : : 
equipment, includes the water-power plant sub-sta- 
tion, distributing system, central steam-heating system, and two 300- 
k.w. rotary converters for the street railway. The maximum demand, 
not including the street railway load, is 600 k.w. in summer and 1,100 
k.w. in winter. Before the street railway commenced operations, the 
hydro-electric plant carried all the load from April 1st to September 
Ist, and part of it from then to December, closing down in winter. 
The requirements of the street railway have added 300 k.w. to the. 
foregoing figures. 
Wisedoue This company has built a dam across the Min- 
Power nedosa river, creating a head of about 25 feet, im- 
Company mediately above the town of Minnedosa. The dam 
is approximately 1,800 feet long, 125 feet wide at the base, and is 
constructed of earth and heavy clay with concrete core. The power- 
house is situated several hundred feet below the dam. At present it 
contains one unit but provision is made for the installation of a second. 
The unit comprises a 31-inch horizontal wheel, direct connected to a 
250-k.w., 3-phase generator. The electrical energy is generated and 
distributed at 2,200 volts. The maximum load carried is 150 h.p., 
but it is expected that, with the help of the local storage created by 
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the dam, combined with the storage available in Clear lake, this may 
be materially increased. The local storage is one-quarter of a 
mile wide and three and one-half miles long. A storage dam has 
been erected on the outlet of Clear lake which is 35 miles distant 
in a straight line, but about 200 miles following the river. 

A steam plant of 125 h.p. capacity served the town before the 
installation of the hydro-electric plant. 

A gauging station was established in January, 1913, by the Man- 
itoba Hydrometric Survey. The following is a summary of the results 
obtained : 


DISCHARGE OF MINNEDOSA RIVER, NEAR RIVERDALE, MAN. 
(Drainage area, 1,250 square miles) 


—— 


Discharge in second-feet 


Month Per square 
mile 
1913 
EATS Sg CHLOE MCE CLEGRT MM PSS ah 04 
LRG a ab tia: Pn MR MAE Ta Natt ea eR .05 
EAT ORC RGR MOURN ETN AN TMG 05 
OCU MUS Ua NU ea Aaa ONS Wil AU Se 74 
IVEY isle fous CU a ete cau fe aL a 42 
PRTG NY aae RA Tena ee ei ac Moe Rie NANT 26 
RSET Ove ss Sane EE PRU UU RAMS eS 30 
PANTS EN UU UU ana LENT OGL HRS .19 
September voi: Coe Cet 05 
Ockoen hie ae RO aan. 06 
1914 
Vanvaryn, woes Peed DAL tel le .016 
PDEA Soe Rl LAN aL A .016 
PURO earn cUn ay an Gta inhabit aati ie 016 
MADEIRA ROL em ae etry Gael eur eB ulahay 750 
LE Satan RRL OTIS ARUP SEMIS AE 472 


* Estimated. 


Notre.—Records for the winter of 1914-15 show that at times the flow of 
Minnedosa river becomes negligible. 


DISCHARGE OF MINNEDOSA RIVER AT BEILBY’S BRIDGE 
Drainage area, 1,120 square miles) 


Se Spay a a ey eee alr ar iano ——_— 


Discharge in second-feet 


‘ aye r squar 
Maximum | Minimum Mean Per square 


mile 
1915 
ITAL OH oa NUD ROR ONL May 3 002 
PN EO a ne) er Bes LAO AIS A 250 *95 085 
[TE NLS EPR EON ROR a IUGR A 75 37 56 050 
ALERT URS Bee cieeet Te R TON) AAE 107 36 78 070 
LUA AA ADE PUNE a et TI BERL IME RS 121 Boloht 80 .071 
PANAROUISE ANTI a nO te ULE ada 64 40 48 043 
SOMLOIIDET eo Cui iunicies aca ie aun 77 36 54 .048 
cLODer Maney CUA geno in ial 135 69 88 .079 
November te eon ye. Laie 85 *40 .036 


PEeEcemper eeu ee ta Cee *8 .007 


* Estimated. 
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Birdtail Creek 


This creek, which rises in the western part of the southern slope of 
Riding mountain, flows mainly in a southerly direction, turning east- 
ward a few miles above Birtle. Below Birtle it resumes its southerly 
course and flows into the Assiniboine in township 15, range X XVII, 
west of first meridian. ; 

At two or three power sites near Birtle low heads could be created 
by dams. One of these has been investigated by the Manitoba Public 
Work Department, on behalf of the town of Birtle. The report 
states that the site is situated one mile east of the town, where the 
river takes a wide sweep at the foot of a steep hill and, falling through 
a small rapid, divides into two streams, which re-unite a short dis- 
tance downstream. The north bank of the river is low for a distance 
of about 400 feet, beyond which it rises abruptly to a height ot nearly 
20 feet. The banks are of a sandy loam containing numerous field 
stones. The dam can be constructed to give an effective head of 18 
feet, which could be increased to 24 feet if required. The power is 
estimated at 250 h.p., available for nine months of the year. 

One of the other possible sites is situated one-half mile below the 
town, and a third 15 miles northeast of the town. Both of these are 
at abandoned grist and saw mills. Each of them had between eight 
and ten feet head but auxiliary steam plants were used. 

With regard to storage on this river, it is reported that there are 
two lakes in the Riding Mountain forest reserve, each of about one 
square mile» in area. These could be raised five or six feet, but 
unfortunately they are rather far distant, being, approximately, 40 
miles in a straight line, or 150 miles following the river, from Birtle. 


Qu’Appelle River 


The Qu’Appelle river, one of the largest tributaries of the Assini- 
boine, has an interesting glacial history. Its valley is quite uni- 
formly about one mile wide and is from 110 to 350 feet below the 
general level of the surrounding region; the river flows in a winding 
course, here and there traversing long lakes. Last Mountain lake, 
one of its tributaries, is about fifty miles long and from one to two 
miles wide; the descent from here to the mouth of the Qu’Appelle is 
335 feet. 

There are several irrigation and many industrial water-rights in 
the basin of the Qu’Appelle. 
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A gauging station was established at Lumsden, Sask., by the 
Irrigation branch of the Interior Department in 1911. The following 
is a summary of the observations taken at this station since that year: 


- MONTHLY DISCHARGE OF QU’APPELLE RIVER, AT LUMSDEN 
(Drainage area, 6,160 square miles) 


Discharge in second-feet 


Monta Maximum | Minimum Mean yaa 

1911 
May MCL2 S40 her ne AD ay 31.0 83.9 0.013 
FRR UOT GTA ANNES CARLIN Gee 19.0 133.0 0.022 
Pet ye BU Sa, coer eC anae hal ee 13.0 42.6 0.007 
AUISTSE Ved Sateen a ie tr en ee anaes 11.0 12.9 0.002 
September ees Se aie 11.0 32.4 0.005 
Oetober: Cl 28 ye ioe ust iui | 12.0 15.4 0.002 
November (12-30) 3.20 Sve 0.001 
DECOMBETH oh ie en 2 2.14 247 

1912 
PATIIGAEY eat g sae he OU ecm Uncut 1.97 0.33 0.727 0.0001 
PODEUATY Wee cas Hitt ner eee eda 40.4 0.33 OG55 9.0001 
ILA T OR eta oo a Uk ECs Dene 166.0 0.26 isis 0.002 
eAT RS 61 AD URE AICO MME ENG) ST EN SE TCIKO gh eh 867 .0 94.0 395.0 0.064 
LAN Wes wie aee hh aie ui ORME tae play 884.0 81.0 523.0 0.084 
FUME Hey Chee ar NEAT BATE RNS 308.0 68.0 158.0 0.002 
URE) 5 CEPA TRAN ADEE er aaaNn hens Da al RSM) 128 .0 55.0 86.4 0.014 
PRISE itu he ors Unt nc ta enw Eile 48.0 27.0 34.1 0.006 
September oh) vay aa ea 37 .0 21.0 29.0 0.005 
OCEODEE NE Si COM Ue a Ren 30.0 19.0 23.6 0.004 
NOVERIDER og cl ion a memorey a, 24.0 2.98 16.6 0.003 
Decenrbet sea 3.24 2.30 2i7t 0.0004 

1913 
UPS See banat Otte OMEN UM NU OA iat 3.4 0.0 10.90 0.0020 
Penrgaty Tvs ee Tyan y ine ae Koy 0.6 2.49 0.0004 
Ailes weds MOG sic UL UR by LU ap 163.0 0.0 60.90 .0090 
Vea ge MOC NAM uP MAMA SOA RE OO PAN Ala 4 807 .0 101.0 428 .00 0.0700 
VE Yy ESS LU Muu HIND SI aa! 107.0 62.0 82.00 0.0130 
Parnes RNR eS AD Eas oe 79.0: 25.0 46.40 0.0070 
Pay re EAST AG a LDP ES 83.0 30.0 46.80 0.0070 
FoR bee h Es ANU LL MPN IMMA UC) i Di tl 46 .0 21.0 31.20 0.0050 
September is oe Wee ie mamma ee 25.0 8.0 15.40 0.0020 
etabet: iy ie a OR eit aa 1 5.0 9.16 0.0010 
November: ic: (ha Geter caine 9.0 6.1 7.47 0.0010 
Decenibers) i. fuy Vaan aaa 6.9 22 3.80 0.0006 

1914 
PEQUAT iyiis o lie re pie neta) ea Ren Rae 2.70 0.15 1.14 0.0002 
Fenrir hyts See) Caen Re ay 0.06 0.02 007 .000001 
TEs 1h GCL y WAPI URCN NY oe ON, 4.30 0.09 1.85 .0003 
das 3) 9b Mc Silo) aOnecin a MlbaMe dau et L096 4h 187 Veo 86 .014 
CE A WY Ae AOE) a ORME gk 65 15.9 33 .0054 
Rate a Neem aries cen Uni Ce WY Wainae 38 1536 24 .0039 
EEL TAA ISRT A Ulpor eats NEE GTR SR ih 35 12.5 19.8 .0032 
Fao KIN Ape A OY oO 25 2:6 725 .0012 
DMDLOMI MMe ace melee) Des LOLI ed ses 19.6 2.8 5.4 .0009 
COCO ET yer mney HN Ry Melle CN 1405 4.5 6 .001 
NoOvernibenir cy renews eed 5.4 2.9 4.4 .0007 
Decenibemin icin ne Gana suai | 4.4 0.77 2.4 0.0004 
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MONTHLY DISCHARGE OF QU’APPELLE RIVER, AT LUMSDEN.— 
Continued 


pee ee ee 


Discharge in second-feet 


Month Maximum | Minimum Mean Per square 
mile 
1915 

PARI Cn owe ae in ae site ge e's 1.05 ea) Vey .00012 
Heb meric eee PD vier. Hote nln .20 .06 .00001 
PA ERT ey te ee ee ay ele Aas diesels 48 .08 .00001 
POURS oe cee 6 oa Ge Ms ee 18.70 .66 9.00 .00146 
PR ui otrte she LS sare hd 17.00 6.90 11.20 00182 
BEY 8 a hee ls VAIO a BO Aigo ea 9.10 6.30. 7.60 .00123 
1A SiC 9 lo al 8 RISD Sache a a A 8.70 3.40 5.90 .00096 
ERE e Nau ple ies Maalliy gs Ale @ 5 4 4.30 1.80 2.60 .00042 
SEU ICIPOLe Cake en ue hianiten a soe: 5.80 2.00 3.70 .00060 
CORR ec iae eh  te Weel elie y 12.50 5.00 9.30 .00150 
DOV CHADER ee ita sii eal a aticllae« 9.30 2.09 3.80 .00062 

137 2.10 .00034 


PRECOEMIDEEA ein bre Mobile Ce te os 2.28 


Moose Jaw Creek 


Moose Jaw creek rises in the north-western slope of the Missouri 
Coteau. Its extreme headwaters are near Moreland, Sask., in town- 
ship 9, range XX, west of second meridian. It flows north-westerly 
until it reaches the city of Moose Jaw, and thence in a north-easterly 
direction, finally emptying into the Qu’Appelle river near Buffalo- 
pound lake. From the headwaters to the city of Moose Jaw the 
drainage area is estimated to be about 1,830 square miles. This area 
is almost entirely devoid of tree growth, except that the valley is lined 
with brush in the vicinity of Moose Jaw. 


Cees Throughout its length the creek flows in a very 
Description tortuous but well-defined channel. The upper por- 
of Stream tion of the valley is merely a shallow depression, 
but gradually increases in depth, until at Drinkwater it is about 30 
feet deep and at Moose Jaw about 80 feet deep. The fall in the creek 
is very slight, particularly between Drinkwater and Moose Jaw, where 
the total descent is only 67.5 feet, or an average of 2.3 feet per mile of 
valley. 

The Canadian Pacific railway has dams at Milestone, Rouleau, 
Drinkwater and Pasqua and two at Moose Jaw. There is also a 
municipal dam in section 19, township 15, range XXIV, west of 
second meridian, which supplies water to the neighbourhood during 
periods when there is no flow in the creek. The volume of water 
diverted in each case is small, as the Canadian Pacific only uses it 
for its engines. 

A gauging station was established at McCarthy’s ranch, section 
16, township 16, range XXVI, west of second meridian, by the Irriga- 
tion branch of the Interior Department in 1910. The following is a 
summary of observations since that year: 
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DISCHARGE OF MOOSE JAW CREEK, AT McCARTHY’S RANCH 
(Drainage area, 1,719 square miles) 


Discharge in second-feet 


Month Per square 


Maximum | Minimum Mean faite 
1910 
Mall s\ @ Eid Ogee, EN a UNSER a BUS ORG Ba 27.45 1.10 6.80 0.0039 
1 aE RAR CNR NOUR TOUR AN 112.80 0.51 29.21 0.0170 
AD ARR eid Soa nets CSE Oa Sta en ING 43.60 5335 22:47 0.0132 
O51) ge USAGE eI UN Pb 4.35 0.00 1.18 0.0007 
1911 
IMS ROR CL OIA ray Cae Lae g 72.0 0.70 31.90 0.018 
vat 2 et AN SUIAURD  vaTRGeeSe Na ON gus WN Da 365.0 29.00 188.00 0.109 
INTs Va WhO eau lgaieee enya (alae UN ADO WANN 2.00 37 .80 0.022 
VET Nees MUU a Sp RS HOY RG UE BR WIR Zoo syd. Nt 4.80 71.00 0.041 
GES Ke RUPEE RRC SEN ARES ROR I LEA 21.0 0.50 2.80 0.0016 
VA AARPUI SEN rt NSU I UNE NR MODEM RRS 0.8 0.00 O728 0.0001 
DCOLECADEL Mh WNLT NM Unie tia 0.4 0.00 0.08 0.0000 
MBO DETS (2) 785 ee en AIR EREN Ecie eh 39.0 0.00 TSO 0.0067 
November’ (28: days) i. Siudewsue 8.5 1.60 4.15 0.0024 
MPRSCEMIDEE ic Societe OG cee eke g 15 0.08 0.55 0.0003 
1912 
UE LE gat MCR MBOr LIS Nie ii NRE 0.14 0.01 0.095 0.0000 
PARE CSSD) Usa a MAM Mt Tle ata 634.0 52.0 Va a 0.149 
A ROD EUROS TUL SRCTAS\SIR CUA 1,329.0 39.0 fA 4 0.306 
21 ha APR ee een EBON et i HO) to) 111.0 14.0 48.5 0.028 
1S ULSTER TW RS RIES CUM REN OATS Mh 54.0 1.6 23.8 0.014 
MATA UTS £55, (0) 0S PUNO La OE 62 0.95 2.87 0.0017 
eptember (Aas eM ieg soa ant wa ae 1:59 0.40 0.94 0.0005 
RDictabery) Mio sua iw milan ue OM 216 1.40 1.93 0.0011 
PLOVEMDET VW Ele ee ciune ene Duka 2.0 0.05 132 0.0008 
PISCEM DER VAR MT NT MAC TEN Gun 0.14 0.02 0.049 | 0.0000 
1913 
Vso bp og MRNRE RPA Meee nto et RO RY RA OUT) CA be OG 15.10 87.10 0.051 
IVES VT VO OY) Mea LVAvG) We RCH AVR rao 13.70 0.93 6.37 004 
PARE ARE RIL a MN Ad 2.85 .28 0.98 0005 
UDELL aE IE At AC I OOU NUE LANE CMAN NRIOL BS Sey me 12.09 007 
PRAISE) is We ie UR T HD gLNt 3.90 .09 0.64 .000 
Pepteraher ee Ae Mm ane aR Ne tn | 0.60 .00 ub ive .000 
MCCOber akin Ua nuNt vain 4 CRM MEN .38 .00 .20 .000 
INGVEMBeT illic LUT aM eis Jat .60 BG .38 .000 
December: ()\!\ sU UV aauaiaen A Nyon 0.33 0.00 0.10 0.000 
1914 
1h ay A MUMBO AR a ASIN 15.00 8.00 1.10 0.0005 
0) Gt UMAR A op KALI a UL N S \( 198 .00 10.400 66.00 0.038 
LW MON DMNA NILE. 13.60 1.52 5.60 0.003 
Ae RC ONS ARNG SU Na 9.30 1.30 3.40 0.002 
TET th VCR CURA SA NOt Ue Ce 1.39 0.04 0.43 0.000 
WAOIDATSU NN eA FAG. HOR TIE 0.04 0.00 0.01 0.000 
Pa ara a aor ed DR RACAL ARE TRON STL OP 19.00 0.00 2.40 0.001 
Dero er ye et aul i MN Me 1.00 0.00 0.34 0.000 
1915 
Pay G0) LUCE IS ORO AERA NU RLY 3.74 .28 1.47 00086 
PAE UOMO SANUS Dein va ay 1/12 S27 41 00024 
EEA ie ER AIA RS MPR a RI | Ye 24 .28 00016 
NID CRO ORC WENN tM td) ) 24 .O1 £13 00008 
PAN ALLE AEIY CE AN NOE ASR eA ENN WS ANY NET 2b RUGBY eee geet iE a), 
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Shell River 


Shell river, one of the largest tributaries of the Assiniboine, rises 
in the northerly portion of Duck mountain, and empties into the Assini- 
boine about three miles above the village of Shellmouth. 

_ The general direction of the river is almost due south from its 
source to a point within five miles of its mouth, where it bends sharply 
to the west and joins the Assiniboine. 


NP EF The drainage basin, near the mouth of the river, 
River Basin is narrow, being confined between the watersheds of 
aad Bank? the Valley and Assiniboine rivers; but, in the upper 
reaches, it broadens out to approximately 35 miles in width, where 
it adjoins the watershed of Swan river. It is in this upper section 
that most of its drainage is obtained, though throughout its course it 
is fed by springs and short streams. The largest tributary enters the 
river about 70 miles from the mouth, and is known as the East branch. 

The length of the basin from north to south is approximately 60 
miles, while the river itself, following its windings, has a length of 
90 miles. 

Of the smaller rivers of the province, the Shell has one of the 
most beautiful valleys. It varies in depth from 100 feet, near the 
headwaters, to 350 feet, about four miles from its mouth, and has an 
average width of three-quarters of a mile. 

The banks are mostly of a gravelly nature, strewn with boulders 
and overgrown with scrub and small poplar, while the agricultural 
land on the plateaus on either side will compare very favourably 
with the best in the province. The bed of the river, which varies 
between 50 and 90 feet in width, is of a gravelly nature throughout 
and strewn with large boulders. 

Throughout its length there are no distinct falls, but numerous 
rapids occur where the valley narrows and the bed is contracted. 


Valuable timber is found in the Duck Mountain 


Valuable 
Timber forest reserve on the upper waters. Southward, the 
peice timber has been burnt over, and scrub and light poplar 


cover the unbroken land, while, in the bottom of the valley, there are 
considerable quantities of spruce and tamarack. Some splendid groves 
of large elms are found on the flats of the junction of the Shell and 
Assiniboine. 

There is a variation of about four feet between high water, which 
usually occurs during the months of May and June, and the low water 
in September. The river is not subject to sudden changes nor to 
excessive ‘floods, its rise and fall being normally steady and gradual. 
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On account of the shallowness and the numerous rapids encount- 
ered, the stream could only be navigated by canoe. It is crossed by 
trails at various points, and, for a considerable distance in its middle 
length, trails follow its course closely. The Canadian Northern rail- 
way crosses it at Shevlin. 


Although the southerly portion of the basin is well settled, there 
are only two small villages on the river itself, one at Asessippi, about 
four miles from the mouth, and the other at Shevlin, 25 miles upstream. 


Asessippi possesses an old flour and grist mill which has been 
operated by water power since 1884. Russell is situated 14 miles due 
south of Asessippi, and a splendid, well settled, farming country lies 
between the two towns. 


The precipitation records taken at Russell, ten miles south of the 
drainage area, cover a period of nine years and give a mean yearly 
rainfall of 16.4 inches. Records taken at Swan River, north of the 
drainage area, and covering a period of four years, show a precipita- 
tion of 20°8 inches, giving a mean yearly precipitation of approxi- 
mately 18 inches for the basin. Assuming 25 per cent of this as 
actual run-off, the mean yearly discharge would be 288 second-feet, 
or 0°33 second-feet per square mile of drainage area. 


Discharge Measurements——In November, 1913, the Manitoba 
Hydrographic Survey established a gauging station on the river, but, 
as yet, sufficient data have not been collected upon which to base a 
definite low-water flow. <A discharge measurement made by this 
survey, September 15, 1913, at Asessippi gave 213°5 second-feet. 
When this measurement was made, the flow, according to local 
authority, approached very nearly the ordinary low-water level for the 
year. 


eocotient Respecting the power development possibilities, 
Water-Power no survey work has been done on the river, but casual 
Possibilities observations and available information indicate that, 
for power purposes, this stream is one of the best of the smaller rivers 
of the province. 


From the mouth of the river to the confluence of the East branch, 
approximately 75 miles, there is a difference in elevation of 600 feet, 
or 8 feet per mile. This fall is quite evenly distributed in the upper 
reaches, but is more marked in the lower portion of the river. This 
natural descent, combined with the high banks, indicates easy 
development at different points. 


The one development on the river at Asessippi has a head of 10 
feet and, though using only a small portion of the flow, developed 
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50 horse-power; at no period of the year was trouble experienced 
from lack of flow. 

As no survey has been made to ascertain possible dam sites, the 
information as to actual head at any such site is not available, but the 
following table gives the possible horse-power per foot of head, with 
an assumed minimum monthly flow. This assumed flow is taken as 
extending over a period of six months, from May to October, and is 
subject to revision. 


SIET RENE DE 


| Assumed minimum flow in Available horse-power at 80 


Head in feet apples Mogi Cenieaat ciency 
1 200 
10 200 
20 200 


Respecting winter flow on the river, a measurement taken on 
Jan. 20, 1914, recorded only 12 second-feet. 


CHAPTER ‘If 
Western Tributaries of Lake Winnipeg* 


METERING STATIONS ESTABLISHED BY THE MANITOBA 
HYDROMETRIC SURVEY 


Name of river Situation When established 
Pairtord yy eat Fairford October, 1913 

Mossy oan Half mile below Fishing river j|July, 1913 

Walley cet wuaiod: Valley River November, 1912 

SS WATE Wit Wotanane Swan River October, 1912 

Red ' Deer i... Hudson Bay junction July, 1913 


Fairford and Dauphin Rivers 


The Fairford and Dauphin rivers form the connection between 
lake Manitoba and lake Winnipeg. Debouching near the extreme 
north-easterly portion of lake Manitoba, the Fairford river flows 
north-easterly to lake St. Martin. From the latter lake, the Dauphin 
river flows due north for a distance of 14 miles; then turning sharply 
to the east, it continues on this course to Sturgeon bay, on the west 
shore of lake Winnipeg. 

Lake Manitoba, with an area of 1,711 square miles, 
acts as a collecting basin for practically all the drain- 
age discharged by these rivers. In general terms, 
this drainage includes the area to the east of the Manitoba escarp- 
ment and the watersheds of the Swan and Red Deer rivers. While 
the upper reaches of the watershed extend into the Riding, Duck and 
Porcupine mountains, where the country is hilly, and, to a great extent, 
covered by a forest growth, the greater portion of the area is a 
slightly undulating prairie. The soil, generally, is clay, overlying beds 
of gravel, with occasional rock outcrops. Considerable adjacent ter- 
ritory drains into lake Manitoba but the only tributary of any size, 
other than those already enumerated, is the Whitemud river. Between 
lakes Manitoba and Winnipeg, the Fairford and Dauphin do not 
receive any tributaries of importance. 

For the first three miles, the banks of Fairford 
river are well defined, varying from three to ten feet 
in height and reaching a maximum in the immediate 
vicinity of the Canadian Northern Railway bridge. Below this 


Nature of 
Watershed 


Generally 
Low Banks 


*The data for this chapter were contributed by the Water Power branch of 
the Department of the Interior. 
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FAIRFORD RIVER—ABOVE FAIRFORD 
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point the banks become gradually lower, opening out into a wide 
expanse of low, marshy land which merges into lake Pineimuta. Below 
this lake, they range from two to three feet in height, but again merge 
into swampy shores near lake St. Martin. The banks are composed 
of light grey clay, in which a few boulders are imbedded. 

Where the Dauphin river leaves lake St. Martin, the banks are 
poorly defined; low lying meadows, subject to overflow in periods of 
high water, merge into the timber line about one-half mile from 
either side of the channel. Banks composed of sandy clay, and 
varying in height from one-half foot to two feet, extend for the first 
11 miles, beyond which the river cuts through a sandy ridge, running 
in an east-and-west direction and having a maximum height of about 
eight feet. Thence, to the rapids, 12 miles distant, the banks range 
from one to six feet in height, though, in many places, there are 
swampy indentations. From the rapids to Sturgeon bay, the height 
varies from 5 to 32 feet. In this lower reach, numerous limestone 
ridges cross the river, and rock outcrops are visible in the banks. 

The Fairford river varies in width from 500 to 900 feet. It is 
stated that it is shallow in the vicinity of lake Manitoba, where it 
flows over a bed of limestone. About one-half mile below this, a 
small rapid is caused by a bed of limestone and gneiss boulders; 
there is another rapid in the lower portion of the river. 

The Dauphin river, which has an average width of 450 feet, is in 
places slightly narrower than the Fairford. For the first 11 miles, 
the bed is sandy and apparently free from large boulders, but, farther 
downstream, numerous rapids are caused by gravel bars and boulders. 
Outcrops of limestone are also found in this lower reach of the river. 

While the greater portion of the land along the 
Dauphin river is covered with a dense growth of pop- 
lar, spruce, maple, oak and birch, large areas of swamp 
land and hay meadows also occur. With the exception of several fields 
devoted to root crops along the Fairford river, farming is not carried 
on to any extent in this district. 

High water usually comes in the latter part of April and early 
part of May, while February is the month of low water. The range 
is ordinarily about four feet, but, in 1902, an extreme range of eight 
feet was noted. 

It is stated that, for the first three miles, the Fairford river does 
not freeze over, but, below this stretch, an ice cover forms. It is 
reported that, during the spring break-up on the Fairford, the ice 
passes away freely, without jams or destruction of the banks, while 
severe jams do occur on the Dauphin river at the rapids. Evidence 
that jams at this point have caused a rise of from 15 to 20 feet above 
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Dense Forest 
Growth 
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ordinary summer stages, was noted by a field party of the Manitoba 
Power Survey; boulders, logs and driftwood were found fully 20 feet 
above the water level of September, 1913. 
The Fairford is navigable by small steamers, 
danst aan though it is claimed that difficulty occurs near lake 
ossibilities ; 
Manitoba, due to bars. 

Navigation for small steamers is possible also on the Dauphin in 
early summer, but the river is treacherous, due to continual changes 
of channel. The only point at which the river system is accessible by 
railway is at Fairford, where the Canadian Northern railway crosses 
the river. Steamers plying on lake Winnipeg navigate to the mouth 
of the Dauphin in Sturgeon bay. 

In addition to the Indian reserve, there are only two _ settle- 
ments in the district; one is at Fairford, one-half mile from the Can- 
adian Northern Railway crossing of the Fairford river, and the other 
at Sturgeon bay. 

To secure data respecting the improvement of navigation on the 
Fairford river, surveys extending over the years 1898, 1908, 1910 
and 1913 have been made by the Dominion Department of Public 
Works. In September and October, 1913, a reconnaissance survey of 
the power possibilities of the river system was made by a field party 
of the Manitoba Hydrometric Survey. A profile of the river was made 
by this party. 

Precipitation in this drainage basin is estimated to be 18 or 19 
inches per annum. Records over very short periods have been made 
at a few places in the district and the above estimate has been based 
upon them. 

During the winter of 1915, a low flow of 3,400 second-feet was 
recorded. While this figure is being used for the computation of pos- 
sible power, it should be borne in mind that it is subject to revision 
when more complete data are obtained. 

In view of the immense lake area in the lower 

Haale AG reaches of the watershed, it should be possible to 

obtain practically a complete regulation of the flow. 

An estimate of the storage possibilities on lake Winnipegosis and of 

the resulting increase in flow during’ low periods, has been 
made with relation to the Waterhen river and Meadow portage. 

Lake Manitoba is said to vary ordinarily from one foot above to 
one foot below its mean level, giving a total range of two feet. Assum- 
ing that such a range could be utilized for storage purposes, the fol- 
lowing table gives the various rates of draught available from such a 
storage fully utilized during a period of either three months, six 
months or a year :— 
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Storage in Rate of draught in second-feet 

Depth of storage alert of Doron, Bend, 
cubic feet Aiea, yang 

Be hs at Halse 1,512 


Aas ra ree aa | 3,024 


Possible power concentrations on the rivers are 
shown on the profile facing page 66. An estimate 
of the power available at these sites is given in the 
following table. The power has been computed at 80 per cent 
efficiency on an estimated low flow of 3,400 second-feet, no estimate 
having been made respecting the additional power available through 
storage :— 


Water-power 
Concentrations 


Estimated horse-power at 80 


Power site Head in feet per cent efficiency ; 
low flow of 3,400 second-feet 
sie ON Ih 2) DT ia BIER 8 2,500 
De ee he Sahai disuhy nal: ANS 6.5 2,000 
DUC Or asl eels. el was bos 28 8,700 
Sei Oe aE a Pa 16 5,000 
Total horse-power ..... 18,200 


DISCHARGE MEASUREMENTS OF FAIRFORD RIVER AT FAIRFORD 


Date Discharge Date Discharge 

1914 Sec. ft. 
1913 Sec. ft. PAM A RV Oniie kik ds as 6,129 
PUNGU Zoe a eon wae 7,849 ATI ea vic huis 5,953 
Palys Yel aa ee 6,897 EATS Te ilies ase 5,359 
PMS UStI ZOE yaa 8,341 Po Vea) as) Ae Coe aa 5,822 
OCTODER EE a renee 7,083 PRUPUISOV ONO. OL Lewis 5,559 
December 6 ........ 8,886 PNIAELIGHUAN UN ice die elton t 5,115 
wares eae aed Net se 7,345 HGPELTEICY ANT: a AS 6,432 
AMO a a arte, el Last pO PE TISE NAL) Vai cre a buat oie 4,916 
Pelee go ON 0 RIE LA 7,475 September 15 ....... 6,059 
December 19 ........ 3,647 
December 21 ........ 3,412 


Waterhen River and Meadow Portage 


The Waterhen river flows out of the southerly portion of lake 
Winnipegosis and discharges into the north end of lake Manitoba. 
Issuing from Long reach of lake Winnipegosis, it flows in a northerly 
direction, a distance of some eight miles, to Waterhen lake, thence, 
18 miles in a southerly direction to lake Manitoba. 

At the outlet of lake Winnipegosis, the drainage basin of the 
Waterhen has an area of 21,200 square miles, and comprises that 
portion of Manitoba lying between Winnipegosis and the highlands 
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of the Porcupine, Riding and Duck mountains. Westward from lake 
Winnipegosis to the mountains, the basin is a slightly undulating plain, 
with a gradual upward slope, which, for the most part, has an over- 
lying soil of clay, with occasional outcrops of rock. In the vicinity of 
the mountains, the country becomes rugged and rises very abruptly. 
This highland, containing the headwaters of the drainage, is largely 
covered with a growth of pine and spruce. The main streams tribu- 
tary to lake Winnipegosis, heading in this district, are the Red Deer, 
Swan and Valley rivers. While there are several large lakes in the 
lower portion of the drainage, such as Winnipegosis, Red Deer, Swan 
and Dauphin, the numerous lakes at the headwaters are very small. 

From lake Winnipegosis to Waterhen lake, there are two distinct 
river channels; from the latter to lake Manitoba, the river flows in one 
channel only. 

In both the upper channels, the river flows between 

nr and low, marshy banks, which extend back some 1,200 

arshy Banks : } 

feet to the timber line, where the banks reach an 

elevation of from three to four feet above the ordinary level. Much 
of the intervening space between river and timber line is covered 
with water, and growths of reeds extend far out into the stream. 
The soil, to a depth of one foot, is light and sandy, but underlying 
this is a stratum of light blue clay mixed with gravel. From Water- 
hen lake to within a few miles of lake Manitoba, the banks are slightly 
higher and drier, and, from surface indications, are composed of the 
same soil. In the vicinity of lake Manitoba they are low and marshy. 

The width of the main Waterhen river averages about 600 feet, 
except in the vicinity of the lakes where it increases to approx- 
imately a mile. The smaller channel, or Little Waterhen, has an 
average width of approximately 200 feet. The beds of both rivers 
are composed of gravel, strewn in some places with large boulders 
making navigation very difficult in the reach below Waterhen lake. 
Meadow land borders the river for almost its entire length. Timber 
is plentiful but consists almost entirely of poplar, with occasional 
spruce and birch. 

Precipttation.—No definite information relating to the whole drain- 
age basin precipitation is available. Records show a mean annual 
precipitation at Russell of 16.4 inches for a period of nine years, and 
of 17.8 inches at Minnedosa for a period of 32 years, but both local- 
ities are situated slightly to the south of the basin. As somewhat 
similar physical conditions apply to the upper drainage of the Water- 
hen and to these two points, it may be assumed that the precipitation 
is of like amount. 
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Discharge Measurements.—In the summer of 1881, a discharge 
measurement of the Waterhen river was made by Thomas Guerin, 
C.E. No further measurements appear to have been made until 1913, 
when one was made by the Manitoba Hydrometric Survey, at a 
section below Waterhen lake, showing a discharge of 8,474 second- 
feet. Owing to the inaccessibility of this portion of the river, no 
regular gauging station has been maintained. In the absence of more 
reliable data, an estimated low flow of 3,000 second-feet has been 
based on measurements made on the Fairford river by the Manitoba 
Hydrometric Survey. While this estimate is used for computing the 
power possibilities it is only an estimate, and is subject to revision. 


Merapow PorRTAGE AND POWER POSSIBILITIES 


The power possibilities in the Waterhen river itself do not offer 
any very attractive features, but its waters can be diverted across the 
narrow neck of land separating lake Winnipegosis from lake Mani- 
toba. This strip of land, lying at the southwest corner of the former 
lake, has, in the vicinity of Meadow portage, a minimum width of 
some 9,400 feet. The summit elevation is approximately six feet above 
lake Winnipegosis, and the surface soil is composed of a light grey, 
calcareous clay, containing many limestone pebbles. Investigations 
made at the summit show hardpan at a depth of four feet, while, 
adjacent to the lakes, clay constitutes the underlying soil. 

At various times the construction of a canal 


Construction : 
of Canal between the two lakes has been advocated for naviga- 
Eh hy tion purposes, and, were this undertaking proceeded 


with, the development of power in conjunction with the canal would 
be an important factor. 

The Waterhen river and Meadow portage are both accessible in 
summer by boat, and by waggon from the town of Winnipegosis, at 
the southern end of lake Winnipegosis. 

Except Waterhen Indian reserve, which lies near the southern 
end of Waterhen lake, there are no important settlements in the im- 
mediate vicinity. The country around Meadow portage has been 
surveyed and is partially settled. In 1889, the Geological Survey 
made a geological examination of the district, including the Water- 
hen river. Prior to 1909, the Dominion Department of Public 
Works made a survey of Meadow portage, and, in 1909, made further 
investigations. In the summer of 1913, a reconnaissance survey of 
Meadow portage was made by the Manitoba Hydrometric Survey, with 
Mr. D. B. Gow in charge of the field party. At the same time, as it 
would be necessary to divert the water for any complete development in 
the vicinity of Meadow portage, investigations of dam sites on the upper 
Waterhen river were made. 
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The difference in elevation between the two lakes 
on August 26, 1913, as determined by the Manitoba 
Hydrometric Survey, was 18-6 feet. The water in both 
lakes at the time was stated locally to be at a high stage. As published 
in the Geological Survey Report of 1890-91, the difference in elevation 
in 1873 was found by Mr. H. B. Smith, C.E., to be 18.73 feet, and later, 
in 1889, a determination of 17.4 feet was made by G. A. Bayne, C.E. 

Owing to storms on the lakes, considerable variation in this descent 
is quite probable. It is stated that a severe storm from the northwest 
may raise the waters three feet at the southerly end of lake Winnipeg- 
osis. Evidences of such an effect were noted by the Manitoba Hydro- 
metric Survey after a severe storm. At the same time, a lowering of the 
northern waters of lake Manitoba occurs, but within a decidedly 
narrower range than in the upper lakes. 

As stated previously, a low flow of 3,000 second-feet has been 
assumed for the Waterhen river. This, together with an approximate 
head of 15 feet (both figures are subject to revision), would, on a 
basis of 80 per cent efficiency, show a power possibility of 4,080 
horse-power. | 


Head 
Available 


Lake Winnipegosis, which acts as the collecting 
basin for the entire drainage area, offers immense 
storage possibilities. It has an area, exclusive of 
islands, of approximately 2,000 square miles. While storage is 
possible, the effect of any raising of the waters would have to be 
considered with reference to adjacent low-lying areas. The follow- 
ing table has been computed to show the possibilities of additional 
flow and power from such storage under the following headings: (a) 
the flow in cubic feet per second for a storage utilized during a period 
of six months; (0b) the power available from this flow based on a 
15-foot head at 80 per cent efficiency; (c) the flow in cubic feet per 
second for a storage utilized for one year; (d) the power available 
based on the same conditions as in (0) :— 


Storage 
Possibilities 


C2 a (b) Ce), (d) 
Depth of storage Flow in Flow in 
in feet second-feet | Horse-power| second-feet | Horse-power 


_ for six mos. 


3,536 4,814 
7,072 9,628 


one year 


1,768 2,407 
3,536 4,814 


DISCHARGE MEASUREMENT OF WATERHEN RIVER, FOUR MILES 
- FROM LAKE MANITOBA 


Date Mean velocity Discharge 


1913 A Ft. per sec. | Sec.-ft. 
A GRUSEI ZO ten once: 2.79 8,474 
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Mossy River 


Mossy river is approximately 21 miles in length and discharges 
into the southerly end of lake Winnipegosis. Heading in the extreme 
northerly portion of lake Dauphin, it flows westward for two miles, 
then bends and flows in a northerly direction to the mouth. 

With the exception of the Fork and Fishing rivers, which enter 
the Mossy from the west, the drainage of the basin is collected by 
lake Dauphin. Discharging into this lake are the Valley, Turtle, Ochre, 
Wilson and Vermilion rivers. These streams, which head in many small 
lakes and muskegs in the Riding and Duck mountains, flow in a gen- 
eral easterly course to the lake. The upper watershed in the moun- 
tains comprises a hilly or rolling country, which is well timbered, 
while the lower and greater portion of the basin is undulating prairie, 
covered in many places with a growth of willows. 

The banks of the Mossy vary in height er 4 

aig of to 14 feet and are composed of blue or yellow clay, 

overlying a bed of fine gravel. Approximately one 

and one-half miles above lake Winnipegosis an outcrop of limestone 

crosses the bed of the river. Here, for a distance of 100 feet along the 

left bank, a vertical face of rock extends some six feet above the 

ordinary river level. Below this outcrop the banks become low and 

marshy. At various points along the river, dredged material from 
the bed has been dumped along shore, forming an irregular bank. 

The Mossy varies in width from 120 to 200 feet, with an average 
of 160 feet. The bed of the stream is composed of sand and gravel, 
with numerous boulders occurring in certain localities. The channel 
has been improved by dredging and by the removal of boulders, 
practically eliminating all rapids. Owing to sand bars, very shallow 
water occurs at the outlet from lake Dauphin, and also at its mouth. 

High water usually occurs in April and early in May at the time 
of the spring break-up. Heavy rains on the headwaters also cause 
high water during later periods of the year. It is stated that, in 
1902, extreme high water occurred, being six feet higher than 
the ordinary level. In July, 1913, the water was again high, due to 
prolonged heavy rains, but did not reach within four feet of the 
extreme of 1902. Low water usually occurs in February. It is 
stated locally that, for the first three miles below lake Dauphin, the 
river does not freeze over; farther downstream the surface freezes, 
in some places to a depth of two feet or more. It is also reported 
that, since the improvements to the channel, the ice breaks up in the 
spring without the formation of ice jams. 
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Winnipegosis, the terminus of the Winnipegosis branch of the 
Canadian Northern railway, is situated at the mouth of the river. 
Southerly from this town, for a distance of 14 miles, to Fork River, 
the railway is never more than one and one-half miles distant from 
the river. The town of Dauphin, which is the central point of the 
district, is some 40 miles from Winnipegosis. Several bridges, acces- 
sible by numerous roads, cross the river at various points. The 
stream is navigable by small craft, but is not now used for trans- 
portation. 

To lower lake Dauphin, the Department of Public Works dredged 
the river in 1909-12. In 1905, D. A. Keizer, C.E., surveyed and 
reported on a possible power site situated one-half mile above Win- 
nipegosis. During the summer of 1913, a reconnaissance investiga- 
tion of the power possibilities of the river was made by a field party of 
the Manitoba Hydrometric Survey. 

Precipitation.—Although no adequate records of precipitation are 
available for the district, it is estimated that the mean annual rainfall 
is approximately 18 inches; the estimate is based on records in adjoin- 
ing drainage basins of practically the same physical features. 

Lake Dauphin, with an area of 196 square miles, 
is the collecting basin of all drainage carried by the 
Mossy river and preliminary investigations indicate 
that it would be possible to obtain three feet storage on it. At the 
same time, it would be necessary to consider the effect of such storage, 
particularly as the dredging and improvements to the river channel 
were carried on with the object of lowering the level of the lake and 
giving better drainage to the low-lying lands adjacent. The follow- 
ing table gives an estimate of the flow available from storage on the © 
lake, under the following headings,—(a) The capacity of reservoir 
per foot depth of storage; (0) the rate of draught available for a stor- 
age extending over a period of six months; (c) the rate of draught 
available for a storage extending over one year :— 


Storage 
Possibilities 


—— 


Storage in Flow in cubic feet per second 
Depth of storage millions RU TEA EN MANS E eI |) 
of cubic feet | Periodsix months | Period one year 
(a) (b) (c) 
5,464 346 173 
10,928 692 346 


Discharge measurements taken during 1913, 1914 

Power and 1915 show a minimum mean monthly flow of 65 
Possibilities , tke : 

second-feet. Based on this amount, which is subject to 

verification or revision as future records are obtained, the following 

table gives the estimated available horse-power at two possible power 
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sites, as shown on profile facing page 72. ‘The estimates have been 
based on 80 per cent turbine efficiency. No estimate is made as to the 
additional power available through a regulation of the flow of the river, 
although such regulation would greatly increase the power possibil- 
ities :-— 


Estimated horse-power, based on 80 


Power site Head in feet per cent efficiency ; 
minimum flow of 65 second-feet 
po To TE 9 10 59 
PR Gore oles alu sien ois 10 59 


Total horse-power 118 


DISCHARGE OF MOSSY RIVER, NEAR FISHING RIVER, MAN.t 
(Drainage area 3,950 square miles.) 


Discharge in second-feet 


Per square 
mile 

1913 
July (14-31) .39 
PMU EEN UCR Pk Le ee chat aes 31 
PREG PeITICE):: Siienis Saban sew see te a 03 
RD CtOM RNA Sells cra Coke dae sues oe es 8 18 

1914 
AMAR Y Pe he Nats ey liu AI 202 .150 
eietiaiuy oooh chara Renae achat oi, 144 
IVE AE TE al ie Se tue aay ke 130 
POLI cent i stadtity ian ae elon 124 
bee tig A aie GRU BPI Dien! (CAL ib ae Ca Sa Le 176 
LE oa GOO Ear Seer A 181 
Da SINE eat Sy ade eu UR RA 132 

1915 
EPS Ct ss MR MPe ie eae Satan A .038 
BVGT GUA Ts att che) Sisal, kg whee oie, 9 sie .041 
TRS NRE AEE DOOM 6 ot AC Aa ee oa 076 
Fa Vi ved i Wile B47 Me vs eaten ee 066 
Bae eat es le Wiad ag dehy Hes 045 
TUT) Voie 2 AE ye EOE Ae Fai IN a 045 
PUL ty eae ee aerate Ealarss hee les 052 
PARI eek ees ae oleate <obaee sveeaes * .032 
BOMLemperaLane Praeris mae seks .025 
CEEQD EE Fant See Sanus Slee tae .028 
DAVE DET. hig. as hie as ihn hele so neh = .020 
PIRCETIIE Ur Chan ih te kfc isle ass .016 


* Estimated. 
+ Measurements made at Manitoba Hydrometric Survey station. 
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Valley River 


The Valley river, so called because it flows in the valley between 
the Riding and Duck mountains, rises in Singoosh lake, in the north- 
erly portion of the Duck mountains. Thence it flows in a south- 
westerly direction to East Angling lake, which also receives the 
drainage of Laurie and North Angling lakes from the north. From 
Fast Angling lake the river flows southerly a distance of approxi- 
mately 16 miles, and thence in an easterly direction to lake Dauphin. 
Near this easterly bend, Short creek, which rises in Riding Moun- 
tain forest reserve and drains several small lakes, enters it from the 
west. Below this, the main drainage to the river enters from the 
north, the chief tributary being Drifting river, which joins the Valley 
three miles west of Valley River station, on the Canadian Northern 
railway. 

The banks vary in height, from 15 to 85 feet, while the width of the 
bottom land ranges from 700 to 2,000 feet, widening occasionally 
to 3,000 feet. At ordinary summer stage the river has a width of 
from 100 to 200 feet; the banks are composed of yellow clay, overly- 
ing a bed of gravel and boulders. Investigations carried on at several 
points in that portion of the river lying between Gilbert Plains and 
Valley River station have shown a depth of clay, varying from 6 to 
30 feet, overlying the gravel strata. The bed of the river is of gravel, 
strewn with boulders. | 

In the upper watershed, there is a considerable growth of valuable 
timber, comprising spruce, jackpine and poplar. In the lower section, 
the valley bottom and banks are covered with a growth of scrub oak, 
poplar and briar. Very little clearing has been done in the immediate 
vicinity of the river, but grain growing and mixed farming are car- 
ried on extensively in the adjacent country. 

High water usually occurs at the time of the spring break-up in 
April. The river, however, is subject to extreme fluctuations in the 
open water season, heavy rains in the headwaters causing floods in 
the lower valleys. Low water occurs in the autumn and winter months. 

Owing to shoals and rapids, navigation is impos- 

Fe bbe ih _ sible except in rowboat and canoe. The river is acces- 

sible by many roads, and is also crossed by the Can- 

adian Northern railway at Valley River, Grandview and Strevel; 

nowhere between these crossings is it more than five miles distant 
from the railway. 

The country adjacent to the Valley river is well settled and con- 
tains several thriving villages, such as Gilbert Plains, Grandview and 
Valley River. The town of Dauphin, the centre of this agricultural 
district, is six miles distant from the river. 
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In 1887, the Geological Survey made a survey of 

at ofthe the river, from lake Dauphin to Angling lake. In 

1913, a reconnaissance survey of the power possibil- 

ities was undertaken, and a preliminary investigation of the storage 

possibilities of the upper watershed was made by Mr. D. B. Gow, of 
the Manitoba Hydrometric Survey. 

Rainfall.—Rainfall records, extending over a sufficient period of 
time, are not available for this drainage area. Records at Minnedosa, 
which lies to the southeast of the basin, but to which, to a great extent, 
the same physical conditions apply, show a mean annual rainfall of 
18 inches for a period of 32 years. 

Discharge Measurements——A summary of discharges for the year 
ending October 31, 1913, shows a low-water flow of 20 second-feet 
occurring in January, February and March. During March, 1915, 
there was practically no flow in the river. The maximum flow recorded 
at the time of the spring break-up in 1913 was 2,760 second-feet, but, 
during July, the river reached flood stage, due to exceptionally heavy 
rains, and showed a maximum discharge of some 3,500 second-feet. 

Definite information is not available with reference 
Sky to all the lakes lying in the headwaters of the drain- 
age. A reconnaissance investigation of the Angling 
lakes shows it to be possible to obtain five feet storage on North 
Angling lake and three feet storage on East Angling lake, the 
latter being a collecting basin for the major portion of the upper 
drainage. In the case of the former, the topographical features 
of the shores and outlet would permit of greater depth of storage, but 
the depth, as given, has been estimated as being all that the tributary 
run-off would require. This same feature applies to Singoosh lake, 
which has not been investigated but is stated locally to be capable of 
a storage of ten feet. Further storage might be obtained on other 
small lakes; the following table gives an estimate of that available 
on the three above-mentioned lakes :— 


Tak Area Depth of stor- Storage in 
thy in acres age in feet cubic feet 
Mast Angling eye e eilas 3 37,700,000 
North Angling 5 50,100,000 
INO OOSTH Ry ee uehs any ils rc 3 376,500,000 
payed EUR he 2 eRe a ERO TR, 464,300,000 


As there was no flow in the river during certain winter months of 
1914 and 1915, the estimated power, based on 80 per cent. efficiency, 
has been computed for a low open water season flow of 10 second-feet. 
Under these conditions, sites No. 1 and No. 2 would each give 17 h.p. 
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under 19 feet of head; No. 3 would give 50 h.p. under 56 feet of head, 
while 47 h.p. would be available at No. 4 under a head of 52 feet. 


MONTHLY DISCHARGE OF VALLEY RIVER, AT VALLEY RIVER, 
MAN. 
(Drainage area, 1,028 square miles) 


Discharge in second-feet 


Month Maximum | Minimum Mean Per ree iti 
mile 
1912 
November teh oii anit a ; 150* .146 
DECEMBER CURL es ects NOTE ENN 50* .048 
1913 
RIV ORD EST spiccel actu agi alt RT SRE TT 20* .019 
Meptisaty ioe wie, Ula nae Gh 20* .019 
WEAR CH Per eee nts nan OA eh 20* .019 
April Ga Odi ne eit iis sail 2,760 445 1,380* 1.34 
DTN NG es eR Ne Neue Teh ueyy 996 172 611 594 
A ite Lope aha NGA MeN MOLINO) Bd ba ea 630 146 250 243 
Daal eertet ed tail i eek ve 3,540 71 1,410 1°37 
AIS EN Ue oN ued ale SLL LAL 495 40 262 Zo 
SeMENIDEL When ee ae eta 271 38 102 ao 
Oetober WL ORed: He al teas ae Aun, 81 59 70* .068 
1914 
JAMAL. Ose hep ier Ua 4* .004 
Pebruaey VNU ie Rae ei O* | 
Marches hth, Shoes he ony ae pF 002 
Fa Lys UR ACULMME INT WEN MAR RACING shi 185* 180 
NEA SU tee sera Une Anau 2,340 248 1,080 1.051 
Fitae ML EAN Ne Tie 1,750 68 285 277 
JATIN eos Ua eRe okies Ge 196 14 68 .066 
MATS OUISE IVa Ae ceole WCities 30 3 12 .012 
September ich Gliwea stan 47 5 16 .016 
Doro DSR eis Me Ri La yk OE 33 5 20 .019 
NOVEINDEER Ody us ein pera 12* .012 
December? yi Ase eee age Ne. 8* .008 
1915 
PA DTAT Wakes «Rou eee ot a eee 206 ss 80* 078 
1h Ey meen una NA ON Ra ET 101 30 53 052 
Barve! ACF ee AI cals me AC a 119 31 76 074 
DULY tN oes Kat ete ict 211 33 90 089 
PRB SUSE Lola Vek MUN Oar ge 32 2 9 .009 
September sn uu Poa ect 43 2 21 .020 
Cetober cu Usain enue 49 32 38 .039 
INOVEMDEL yuk eau eck ae es 46 0* 20* 020 


* Estimated. 


Swan River 


The Swan river, situated in central western Manitoba, rises to the 
west of the Porcupine mountain and flows in a southerly direction for 
50 miles. Here it turns to the northeast, through the valley between 
the Porcupine and Duck mountains, and discharges into Swan lake. 
Between the Duck and Porcupine mountains, it flows in a wide, deep 
valley. From Swan lake to the point at which it loops around the 
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Porcupine mountains, it receives practically all its drainage from the 
south, including many small tributaries heading in Duck mountain. 
To the north, the drainage area is confined by Woody river, which 
parallels the Swan. Above the loop, the basin expands, with many 
small tributaries entering from east and west. Many springs are 
reported to exist in the vicinity of the river, but the lakes of the basin 
are small and few in number. 


The valley and banks are, to a great extent, com- 
posed of alluvial sand or clay. It is stated that, in the 
upper portion of the valley, outcroppings of grey clay, 
shale and sandstone occur along the river. The stream has an aver- 
age width of 150 feet, with banks ranging from 10 to 50 feet in 
height, and a bed composed of gravel and clay, with boulders at many 
points. 

The latter part of April is usually the period of high water, while 
February is the low-water month. In 1913, a range of some four feet 
was recorded between the two extremes. 

Many beds of boulders in the river render navigation impossible. 
The river is accessible, however, by old trails, and is crossed by the 
Canadian Northern railway at the town of Swan River. A branch line 
of this railway parallels the river for a considerable distance above 
the town. 


Nature of Bed 
and Banks 


The country is essentially an agricultural district 
and is well settled. The town of Swan River is the 
commercial centre, though there are many smaller 
and less important settlements. 

In many portions of the mountain country, there is an overgrowth 
of timber, while, in the Swan River valley, the country is more open. 
On the rich meadow land of this district, grain growing is carried 
on extensively. 

In 1909, Messrs. Pratt & Ross, hydraulic engineers, investigated 
the power possibilities of the river in the vicinity of the town of Swan 
River, and reported upon a possible power development. 

Precipitation. No complete records of precipitation are available, 
but it is estimated that the annual mean for the basin is approximately 
19 inches. 


An Agricul- 
tural District 


No field survey has as yet been made of its power 

ear ola possibilities, though it is known that considerable 
descent occurs throughout its course. At the mouth 

of Snake creek, some 18 miles west of the Manitoba boundary, the 
elevation of the river bed, as obtained from preliminary lines of the 
Canadian Pacific railway, is 1,390 feet above sea level, while Swan 
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lake is at an elevation of 849 feet. This would indicate a fall of 541 
feet in an approximate distance of 100 miles. | 

During certain winter months of 1915 there was no flow in the river, 
but it is estimated that about 25 second-feet would be available during 
the open water season. Assuming an efficiency of 80 per cent, this 
flow would represent 23 horse-power for every 10 feet of head. 


MONTHLY DISCHARGE OF SWAN RIVER, NEAR SWAN RIVER, 
MAN. MEASUREMENTS BY MAN. HYDRO. SURVEY 
(Drainage area 1,215 square miles.) 


Discharge in second-feet 


Month Maximum | Minimum Mean pahage ke 
e 
1912 
INOVEMDEE A NaC i enn 400* .329 
Decesiher iy ruc ae wa Wo 100* .082 
1913 
ATAU GUase MeN iat 70* .058 
Peietia nye ue ON er uM 50* .041 
EAC CTA ae CARA ik 50* .041 
Per LZ SO iuiei ce ole Gol alate 2,180* 1.79 
FN AR ANNOY SERN ACD SRGUNAY SSIS 8) SE 793 1,017 838 
Ue a AVA CH EAR AID a Ly au 228 474 390 
PO SY ON Ae PRON 606 1,820 1.50 
PRUUSEN Cu) SVC RN Lee OS CMA 296 531 437 
SEOLEMIDEE iN ciety oman) ciate eis 151 245 202 
ChE Md Mae a La eles ray 109 160 13 
1914 
PAA eet Pale ce MaDe eae eg | 40* .033 
Beptitary icra veniam cao 40* .033 
Eel CIOL VEOH TCA DRED Mart og 30* .025 
PADRE RY UN) SU DU ASIST 1,200* .988 
Le A SHEN ATA I MR AU Gat 568 1,570 1.293 
CREE ee DEM AA RLS SHY sO ROR BU 94 229 .188 
ELT eave ECMO RSE ROSANA MS AP AME 18 51 .042 
Pe shea h tt yan MUe WAAL St fis OR RAL UE 11 22 .018 
SEplemben ene da wwe f 2211 32 .026 
DOCLODOR uO IN Ne Luna en 25 50 .041 
November i nee re 40* .033 
December ek Mage as 20* .016 
1915 
BLATCI ee a aah Re eRe 14* O11 
PDC iia ite 2 a Wy UNE DN aN 1,142 400* 329 
bE CSE ROA ARE MC MLN Ra CeO 132. 50 81 067 
RANG PPA NIA An AS TESS Bn SUC A 135 49 96 079 
BLS NER IDL RCT Rada Cn FIR Ue 420 98 202 166 
cy beg! Cs OE Oe me A NN eNO SN 153 32 74 .061 
NOY s) bas 11 OY ch ap NPR DLE aU PRE PL 61 32 39 .032 
MEO ry ie eines natu. 62 53 60 .049 
November ee cya Anne tg 62 40* .033 


December i UR Men 10* .008 


* Estimated. 
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Red Deer River 


The Red Deer river rises in township 44, range 19, west of the 
second meridian, some 15 miles south of Melfort, Sask. It flows in an 
easterly direction, to Red Deer lake—area, 100 square miles—and 
thence into lake Winnipegosis. 

Like the Swan river, the Red Deer flows in a deep, wide valley 
of glacial origin, though of greater extent than the valley of the 
former. In the upper portion of the watershed, the drainage is col- 
lected by several tributary streams, including the Fir, Etomami, Pipe- 
stone and Barrier rivers, which drain a large tract of country and 
head in many small lakes and swamps. A forest of spruce and pop- 
lar covers a great portion of this district. In the lower reaches, the 
drainage area to the north is somewhat confined, due to a parallel 
river system. 

While rock outcrops occur at a few places in the 

Ry elias lower reaches of the river, the bed and banks are, for 

the greater part, composed of sand, gravel and clay, 

this latter constituent composing the greater portion of the Red 

Deer valley ; the bed is also strewn with boulders at many places. The 

width of the river is stated to vary from 150 to 250 feet, and the banks 
range from 15 to 50 feet in height. 

Under ordinary conditions high water occurs in the latter part 
of April or early in May and low water occurs in the winter months, 
with a range of some four to five feet between the two periods. In 
the spring of 1913, due to ice jams on the river, an extreme range of 
14 feet was noted at one point. 

The Canadian Northern railway crosses the river at Erwood, 
some 30 miles west of Red Deer lake. For a considerable distance 
above this point the railway is situated within the vicinity of the river. 
A spur line touches Red Deer lake at Barrows. 

PrecipitationOnly meagre records of precipitation are available, 

but, from these, it is apparent that the mean annual rainfall is about 
15 inches. 
Stee! possi. No field investigation has been made of the stor- 
bilities and age possibilities of this river. As many small lakes 
Water-power — are situated in the upper drainage, storage of sufficient 
extent to greatly increase the low flow of the river should be avail- 
able. Red Deer lake, with an area of 100 square miles, offers facilities 
for regulation of the flow below its outlet. The following table gives 
the flow available from a storage of one or two feet on this lake. 
The rates of draught in second-feet are computed for a storage used 
in a six-months or a year period :— 
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Capacity in Rate of draught, 


Rate of draught, 
billion eu ft) 


Depth of storage 6 months 1 year 
1 foot velo. ny 2,787.84 178 
PAN £ of SPRY 5,575.68 356 


One of its tributaries, Pipestone creek, rises in a country whose 
elevation is approximately 2,000 feet above sea level, while lake Win- 
nipegosis has an elevation of 832 feet; thus there is a descent of more 
than 1,100 feet between the headwaters and the mouth. Consider- 
able descent occurs in Manitoba; the fall between Red Deer lake 
and lake Winnipegosis is stated by the Geological Survey to be 43 
feet. While field investigations of the power possibilities of the 
river have not been made, if a minimum mean monthly flow of 80 
second-feet is assumed for the period from April to October, every 
10 feet of head would represent 73 horse-power based on 80 per 
cent efficiency. No winter estimates are given, as at times the flow 
dwindles to nil. 


MONTHLY DISCHARGE OF RED DEER RIVER, NEAR HUDSON BAY 
JUNCTION, MAN.t 
(Drainage area, 4,900 square miles) 


Discharge in second-feet 


Month Maximum | Minimum Mean fo Cate 

1913 
Paty eRe SAR NRA) UR Aaa a *3 480 .710 
PA TIOMABE ine heal y WE awn yeaa eons ae 2.524 1,382 1,993 .406 
SEMECRIDER ae cutee Laie ise eal tela 1,451 651 956 .195 
CCEODET 2 Ueto mene in aes 625 363 530 .108 

1914 | 
TAMA TY i.e Biste te Lire Mea | *70 .014 
Pepe ary ie ek eee, Gini ms *50 .010 
MAT OG AN i Ala *30 006 
V2 cg Ce AR na UAE, Ae Reg Roma *1,800 367 
Mai ee er tt oats | Ante 3,925 1,750 3,000 612 
PATTERSON are NAB ik 8 2,150 499 1,050 214 
ACR BATRA ME IDL UNE SUC Aire ORI aR Kat OF 451 118 268 .055 
POE ISER AE UMAR Re oe ROE ty 118 67 78 .016 
Senteniber i. ye MMe et ede 94 70 80 .016 
COCEODET hy a als i UR re ay aa 91 70 83 .017 
INOVeEMbet VOGUE ng es eee ee 91 *60 .012 
Decenaber i. seer oe *25 .005 

1915 
WAR AT Ye cl em Gn all panels Eee Gen *1 .000 
Beer ney} tie i i RN a A, ae *0) .000 
LEE a 2) 4 HOUMA tea RON REPRE MH gh Hr | nk 000 
PTA se eva lwie a lautia te CIN ann eter "27> 056 
I OU OVAD OLAS Ne MEN Cy 193 93 133 027 
NU CUM as seal Cae Re LO ian 230 85 152 031 
AEE As A CORTE PU ie SPD Myatt arhiaeh (2 1,802 230 711 145 
PATER Str a Gil ah cate sae 470 83 161 033 
Septempers inde su wae ois ae 116 68 81 .017 
OMObST A eee EEE AS eae 95 73 80 .016 
November's icone wie an eg *36 .007 
Deceniber i wei eee wee Bile 5 .001 


tBased upon gaugings by Manitoba Hydrometric Survey. *Estimated. 


CHAPTER IV 


Eastern Tributaries of Lake Winnipeg* 


METERING STATIONS ESTABLISHED BY THE MANITOBA 
HYDROMETRIC SURVEY 


Name of River Situation When established 
BroKenncad oj jaceee 2} cls Sinnot May, 1912 
WEATIMOCAZ AT foc ee aces eo Wood fall Dec., 1912 


Brokenhead River 


The Brokenhead river flows into the south-easterly section of 
lake Winnipeg. It drains a long, narrow strip of land lying between 
the watersheds of the Winnipeg and Whitemouth rivers on the east, 
and of the Red river on the west. 

It drains 910 square miles; its greatest width is 22 miles, and its 
total length 75 miles. The greater part of this area is low lying and 
marshy land, though some reclamation work has been done along the 
banks in the lower reaches, and the land is under cultivation. In the 
upper basin, much of the land is swampy and cannot be cultivated 
until drained. 

The bed and banks are composed of sandy clay, intermixed in 
some sections with large boulders. The banks as a rule are low and 
rise from five to ten feet above the bed of the stream. 


Rainfall_—From rainfall records, it is found that the mean annual 
precipitation in the drainage basin of the river is 22 inches. 


No survey work has been done on this river 
with respect to power possibilities and, considering the 
nature of the adjacent country, it is doubtful if there 
are any power sites on the river. If any should be discovered, their 
development would necessarily be for operation only during the open 
season, as it has been found that the flow is liable to be completely 


Power 
Possibilities 


*The portion of this chapter relating to the Brokenhead, Manigotagan, 
Bloodvein, Poplar, Big Black and Bélanger rivers, has been prepared under the 
direction of Mr. J. B. Challies, Superintendent of the Water Power branch of 
the Department of the Interior. The Pigeon and Berens rivers have been 
covered by reconnaissance undertaken by the Commission of Conservation. 


6 (81] 
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cut off during the winter months. The descent in the river from the 
village of Sinnot to lake Winnipeg, a distance of approximately 40 
miles, is 72 feet, or 1°8 feet per mile. 

No estimates for power are given as, while the flow is often re- 
duced to nil during the winter, it is not always dependable during 
the open season, as shown by a mean monthly flow of only 4 second- 
feet in September, 1915. 


MONTHLY DISCHARGE OF BROKENHEAD RIVER, NEAR SINNOT, 
MAN.t 
(Drainage area 530 square miles.) 


Discharge in second-feet 


Month Per square 


mile 


Mean |, 


Maximum | Minimum 


1912 
NT REE CBB SOE LENG ee Uy 


Seplemi Deny iii om ena wu Me 
COCO DER i UCU OY Sa MeN LCM 
IOCEMBEL TON dunt inure 
December Oo Soe aes aa 

1913 
FAULK A UNE eA AA TD 
Pebre any ees Me nn 


COCEORER I OPN NGM RL Un NN 


PUR USE Vin ip meGi mel) EMT aEUeuN Min, 
September 7a wseiy aah 
CORO ED VAC ee TURN ee 
LINSOVETA DET: Vecs HONS MMU CRU aida tt 
DECOM EE RS ea 
1915 
PANGAN NS | Un ed ein 


Sevbemipee ayumi Mala uae mene 
CUCEODEL TT Meh Dut NE Wed cle nerec nots 
INGVETIBe SU uCaTe BIN OHNn TEN Aina He 
PIECERIDED oe Ue gee ig RULE 


tBased upon gaugings by Manitoba Hydrometric Survey. 
*Fistimated. 
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Manigotagan River 


The Manigotagan river discharges into lake Winnipeg on the 
east shore, about 50 miles north of Fort Alexander, and almost 
directly opposite the centre of Big island. From Muskrat lake to its 
mouth the general bearing of the river is west 30 degrees north. The 
flow into Muskrat lake is said to come from the northeast. 

While the upper reaches of the watershed have not yet been 
explored, it is stated that considerable drainage comes in beyond Long 
lake. From Long lake to Turtle lake the basin expands and 
includes the Caribou, Muskrat, Moose, Bullfrog and many other 
small lakes. From Turtle lake to the river mouth, there are a number 
of small creeks draining the adjoining swamps and muskegs. All of 
these are small and sluggish at their entrance to the river. 


Renee Da At the mouth of the river the clay banks form 
scription of good agricultural land, partially cleared and occupied 
Banksand Bed by settlers. Even here, however, rock outcrops are 
found at several places. Above Wood fall the banks are very irregular, 
and, in most cases, rocky, ranging from 2 feet to 60 or 70 feet in 
height, being broken by many valleys, which lead back to muskegs or 
swamps. In the upper reaches, ranges of hills skirt the river on either 
side. 

For the first 25 miles the river has an average width of about 175 
feet, contracting at the many rapids and falls; three or four miles 
below Turtle lake the channel widens, and from that point to 
Muskrat lake, there are many portions with a width of from 700 
to 900 feet. Below each rapid a large, circular pool, from 500 to 
800 feet in diameter, constitutes a noticeable feature. The bed is 
covered with black muck, except at falls and rapids, where boulders 
and rock form the bed. 

Almost the entire drainage area is covered with inferior timber, 
which includes a plentiful supply of poplar and spruce, together 
with jack pine, birch, oak and balsam. In the vicinity of Muskrat 
lake and beyond Moose lake, there is a fringe of valuable spruce 
bordering the lakes, but this does not appear to extend far back into 
the interior. In the immediate vicinity of the river, valuable timber 
has been removed, but fire does not seem to have been responsible for 
depleting the supply, as is often found where first cutting has been 
made. 

High water usually occurs in June, when a height of three and 
one-half or four feet above the low water mark has been noticed. Low 
water occurs in the autumn and in March or April. 
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Small steamers can navigate to the foot of Wood fall, but beyond 
this point, canoes are the only means of transportation. A winter 
road has been cut through from Manigotagan settlement to Muskrat 
lake. This road crosses and re-crosses the river, and, consequently, 
is of use only during the winter months. 

The only permanent settlement is at Manigotagan village, at the 
mouth of the river. At this point the Phoenix Brick, Tile and Lum- 
ber Co. has been making brick with a modern plant, and has also 
operated a saw mill. 


In 1913, the Manitoba Hydrometric Survey made 
Surveys of a reconnaissance of the river from Wood fall to Long 
the River 
lake.) | 
Rainfall.—There are no rainfall records available for this drainage 
area, but it is estimated that a mean annual Jeans of some 21 inches 
might be expected. 


ey The run-off data on hand for 1913, taken as the 
ge Possi- } : 

bilities and lowest of the three during which records were taken, 
Water-powers = shows that a uniform flow of 150 second-feet could 
have been maintained had there been a storage reservoir capable of 
holding 1,450 million cubic feet of water. This amount could be 
obtained by using Muskrat lake as a storage basin. This lake has an 
area of 8.3 square miles, and it would be possible to store some 7.8 
feet. This would give a storage capacity of 1,800 million cubic feet, 
thus providing ample storage. 

The water-power sites on the river are shown on the profile facing 
page 86. The following tabulation shows possible power concen- 
trations, under conditions of minimum flow and under regulated flow, 
based on the records of 1913, and gives the power at 80 per cent 
efficiency :— | 


ee © 


Estimated h.p., 80 
No. Name Head per cent efficiency 


Min. flow | Reg. flow 


OO | 


DW Whoo SEAN arr pare enon rete reve te Ma AN 90 449 
2) MPa bar $a ldia tale) iil anal Riese toile 8 22 ~ 109 
3 {1st rapid above Poplar fall ........ 12 33 163 
4 4th rapid above’ Poplar tall 700.02... 30 82 408 
5 | 3rd rapid above Cascade portage ... 12 133 163 
Ow \ Oth rapid ‘above ies) aura sani 18 49 245 . 
Fie Manes dallee ce Meena pee Ries 34 92 462 
Bi Duarte cascade va VNTR EU aaa Ney 28 76 381 
f Zndirapid above! Wau sat a ee 21 Sf 286 


Caripou fall as OLihea nae Re ae 27 74 368 


MANIGOTAGAN RIVER—RAPID BELOW CASCADE PORTAGE 
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MONTHLY DISCHARGE OF MANIGOTAGAN RIVER, ABOVE WOOD 
FALLt 


(Drainage area, 375 square miles) 


Discharge in second-feet 
Month Maximum | Minimum Mean | Per square 
mile 

1913 
Varta varyuew ec ee ies ot oh ee 130* 34 
Bee lsraparaans pate each iced le it ssa slabs 130* 34 
Naren ons Isis nisi ewe 130* 34 
AGT eek Ene eee a keh Oh 200* 54 
NEA REA hum ays kde sh = bien 473 320 428 1.14 
ere OH eis i. Ua adv alae ttig os « 464 262 336 89 
Pi re eee UEC Ly demeks 352 143 207 55 
PAT TEs BSE RI ED Le Soe a 1s ban 42 98 .26 
EDEMA hes pa a Ligh dpe to a, 80* WA 
Oe Me eral cae oy ae eu, 60* 16 
November isis iis ee ah Za a 40* ll 
PIP Gee sc ita etal es bug ed Di GU .08 

1914 
FGDC any a i Te heed to yid alan 40* .107 
UN, ipa iy oa i MERA ie NEU Cag 40* 107 
PUTIN OM Gro ds lahs haseeOhe tired cs id da ads a SOS 213 
LE SEOUL ERD RUE A Ate ROR EoD | 265 109 183 .488 
ERIM eve aly Bice Gh iat SRS tee | 529 201 345 .920 
DICER SES OS re a | 617 201 424 1.131 
PUM S BENE). hs Fis She slain eid de Sto Ait AM Ons 201 109 139 37k 
DEER EE oO OU LAM) Wah | 109 88 96 .256 
TREO DST Crs sale POR ONW ENE hi oat | 375 115 239 .637 
PeCOONEDET Fes Biz cic (Hea a/ siemens ea Yule 120* .320 
UTEP STS BS RAM a 90* .240 

1915 | 
SAE CN he) oh isa eek he Re ad stats 50* HAS 
Ree DEMA EO coast ae ease hare 50* hod 
PLAYER tel le tka Oe te eters 51 50* rod 
POTULE  F ide hn eRe eH Ma hes aS 1,110 470* 1253 
Tie Nad geht eae MO Lat) Te Re ae 1,066 692 811 2.163 
(irs Comb gi anda Sante 6 bse a hel eos A 626 340 510 1.360 
A feclis TAN ed oe oS ag i PR AC a 340 153 25/7 .685 
TANCE aa ea a AMSA gegs ae P a ce a 153 123 136 .363 
Sentemulerts ose ok view or nee 145 111 124 331 
ETI DEE aie ites vcs Sea Gases | 296 153 217 .579 
OE SPS Bcc NR Pe ROC 360* .960 
HB oak Firs | od oY PR RR a ENA | 180* .480 


tBased upon gaugings by Manitoba Hydrometric Survey. 
*Estimated. 
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Bloodvein River 


The Bloodvein river discharges into a bay on the east shore of lake 
Winnipeg and near the narrows. In the upper reaches, the river flows 
westerly, but, in the vicinity of lake Winnipeg, bends slightly to the 
north. 


NEN De- While little is known of the headwaters of the river, 
scription of it is estimated that the drainage basin comprises an 
Riverand Basin areqg of 3,000 square miles. The greater portion of 
the basin is rocky and of granitic formation, with the occasional 
occurrence of a light covering of clay. Several small tributary 
streams enter the Bloodvein from the north, and, in the upper water- 
shed, the main river is divided into two branches. The northerly 
branch rises in Sasaginnigak lake, while the southerly branch is 
stated to extend to the height of land separating this drainage basin 
from that of the English river. 

In the vicinity of the mouth of the river, which has an average 
width of 150 feet, the banks are composed of clay, and are about five 
feet in height. Some nine miles upstream the first rapid on the river 
occurs. A short distance above the rapid, the Little Bloodvein falls 
in. Thence, to the mouth of Turtle river, a distance of from 35 to 40 
miles, there are many rapids and falls, some of which are reported 
to have considerable fall. The banks are rocky and low, replaced 
occasionally by marsh and muskeg, but some portions, composed of 
clay or. clay and gravel overlying the rock outcrop, rise from 10 to 
20 feet in height. It is reported that the country along the river is 
very rocky, with a very shallow covering of soil, and that the district 
presents the same general characteristics up to the junction of the 
North and South branches near Kowtunigan lake. The South branch 
rises in a region of which little is known, while the North branch 
again separates into two branches, both rising in the same lake. This 
lake, known as the Sasaginnigak lake, and stated to have an extreme 
length of about four miles and a width of about two, is dotted with 
numerous islands. Of the territory tributary to the lake little is 
known. 


Navigation of this river is impossible except by canoe, and,. even 
by this means, many portages are necessary. The mouth is easily 
reached during the summer months, as it is within a short distance 
of the route followed by steamers on lake Winnipeg. 
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The adjoining country is rocky and many rapids occur throughout 
the extent of the river. The total descent between Sasaginnigak lake 
and the mouth, a distance of 69 miles, is reported as 150 feet. A 
discharge of 320 second-feet was recorded during the winter of 1915. 


Pigeon River 


Pigeon river flows into lake Winnipeg in a deep channel, a hun- 
dred yards wide. ‘The entrance is between sandy points, above which 
the channel opens into a shallow, weedy lake. It gradually narrows 
and becomes well defined at a little rapid, about 40 yards wide. 
Above this, it again expands to a width of from 60 to 100 yards, 
with even, clay banks from six to ten feet high, wooded with poplar. 
Low bosses of gray gneiss, with small groves of oak, outcrop here 
and there. The Indians rarely travel on the river as many portages 
are necessary. | 

Pigeon river has numerous concentrated falls or rapids; the descent 
in each, however, is not great. The greatest descent on the river 
is 29 feet at Shining fall. There are four rapids or falls with 
descents between 10 and 15 feet, fourteen with descents between 
5 to 10 feet, and numerous others with descents of less than 5 feet. 
Many of the falls and rapids on this river can be combined to obtain 
workable heads. The discharge, metered by Mr. Leo G. Denis, at a 
_ point three-quarters of a mile below “First” rapid, was 2,629 second- 
feet on September 19, 1913. A record obtained by the Manitoba 
Hydrometric Survey on March 5, 1915, gave a flow of 1,164 second- 
fect: | | 

The following are the principal rapids and falls in the order in 
which they are met in descending the river from Family lake: | 

Shining Fall is a gradual pitch, one-quarter mile long, flowing over 
hard bed rock, with a total descent of 29-0 feet. The river is divided 
into two channels; each of these is 100 feet wide with banks from five 
to ten feet high, following the general slope of the fall from head to 
foot. 

Rapid, one-eighth mile below Shining fall, has a descent of two 
feet in 200 yards and could possibly be combined with the latter. The 
river is in two channels, each of which is 100 feet wide, with banks 
20 feet high on the north side, and five feet or more on the south. 

Balsam Rapid, nine miles below the last mentioned rapid, has a 
descent of 5:0 feet in a short chute falling over bed rock, above which 
is a swift 100 yards long. The river is 150 feet wide; the banks are 
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of hard rock, from ten to twenty feet high on the south side, but only 
five feet in height on the north. Above the rapid, the banks on both 
sides are only five feet high. 

Rapid, one-quarter mile below Balsam rapid, can be combined with 
the latter. It has a descent of 5:2 feet in 70 yards. The river flows 
in three channels, 75, 30 and 20 feet wide, respectively, with banks 
varying from five feet in height at the head to 10 to 30 feet at the foot. 

Rapid, one-quarter mile farther downstream, could be combined 
with the former two at slightly increased cost, as the banks are low. 
The descent is three feet in one hundred yards. The river is 50 feet 
wide, with rocky banks, 20 feet high. Below the rapid the banks are 
very low. 

Little Goose Lake Rapid, one and a half miles below Little Goose 
lake, has a descent of four feet in one-quarter mile. At the head of 
this rapid the river is 150 feet wide, with rocky banks 15 feet in height ; 
at the foot it is from 300 to 400 feet wide, with banks five feet high. 

Rapid, one-half mile below Little Goose Lake rapid, has a descent 
of two feet in ten yards. 

Grass Rapid, one and a half miles below the last mentioned rapid, 
has a descent of six feet in one-eighth of a mile. It consists of low 
chutes and rapids while the river is divided into several narrow chan- 
nels with banks from 10 to 20 feet high. Below this rapid, the banks 
are only from four to five feet in height. 

Rapid, two and a half miles below Grass rapid, has a descent of 
5°9 feet in 40 yards. It occurs at a bend where the river is 50 feet 
wide, with rocky banks ten feet high at the head, and broadens to 100 
feet, with banks 15 feet in height at the foot. Below the rapid the 
banks become very low. 

Rapid, three miles farther downstream, has a descent of one-half 
foot in a distance of ten yards. 

Peacock Rapid, three miles below the last mentioned rapid, has a 
descent of 7°6 feet in 100 yards. The river is 75 feet wide, and has 
rocky banks 20 feet high on the north and from 5 to 10 feet in height 
on the south side. 

Lower Peacock Rapid, one-quarter mile below Peacock rapid, has 
a descent of 13°8 feet. The river at the head of this rapid is 150 
feet wide, with rocky banks 20 feet high on the north side and 
gradually rising from 5 feet on the south; at the foot, it is from 400 
to 500 feet wide, with banks 20 feet in height on both sides. This 
rapid and the Peacock could be combined in one development, giving 
a head of over 21 feet. 

Rapid, three hundred yards below Lower Peacock rapid, has a 
descent of 3°3 feet in 30 yards. The river is 125 feet wide, with rocky 
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banks from 10 to 15 feet high. Below this are small rapids and swifts 
with slight descents. 

Sturgeon Skin Chute, has a descent of 6°9 feet in a distance of 70 
yards, while the distance over the portage is only 30 yards. The river 
is 100 feet wide, with rocky banks 5 feet high at the head of the 
rapid and from 15 to 20 feet in height at the foot. Immediately below 
this rapid, the banks are of soil and are very low. 

High Rapids, a series of rapids and swifts which begin three miles 
below Sturgeon Skin chute, extend for about three- “quarters of a 
mile, with a total descent of six and one-half feet. 

High Chute, one-eighth mile below the foot of High rapids, is a 
fall over a ledge, followed by a short stretch of rapids, with a total 
descent of 8°6 feet. The river is 300 feet wide, with two rocky islands 
near the middle. The banks are of rock from five to ten feet high. 
High chute and High rapids can be combined, giving a total head of 
over 15 feet. 

Rapid, one-half mile below High chute, has a descent of two feet 
in 150 yards. 

Rapid, five-eighths of a mile farther downstream, has a descent of 
three and one-half feet in 70 yards. 

Long Current, one and a quarter miles below the last mentioned 
rapid, consists of rapids and a very swift current, occurring in a stretch 
of about 600 yards. The river, which is 70 feet wide, narrowing 
to 50 feet in places, has perpendicular rocky banks, 25 feet in height 
at the head and from 40 to 50 feet at the foot, giving a cafion-like 
appearance. This would afford a very good location for a dam, and 
a head of from 20 to 25 feet could be created. Below Long current 
is a stretch, one and a half miles long, where small rapids occur, with 
descents of from one-half to three-quarters of a foot. 

Corner Chute, two and a half miles below Long current, has a 
descent of 4°3 feet in ten yards. Below this chute is a series of small 
rapids and swifts extending for a distance of over one mile, with 
descents of from one-half foot to two feet. 

Hawk Chute, two and a half miles below Corner chute, has a 
descent of five feet in a distance of 30 yards. The river is 70 feet wide, 
with rocky banks five feet high. 

Lower Hawk Chute, two hundred yards below Hawk chute, has a 
descent of 11:8 feet in 70 yards. The river is 300 feet wide, with 
rocky banks, 20 feet high on the north, and from 5 to 10 feet high 
on the south side. The Hawk and Lower Hawk chutes could be 
combined to give a total head of about 17 feet. 

Rapid, one-half mile below Lower Hawk chute, has a descent of 
two and one-half feet in 100 yards. The river is 70 feet wide; the 
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rocky banks, almost perpendicular, are 50 feet in height on the south 
and 25 feet on the north side. 

Rapid, three-quarters of a mile farther downstream, has a descent 
of 5:1 feet in 125 yards. The river is 70 feet wide, and has rocky 
banks, 20 feet high on the south side and 15 feet on the north. 

Adjoining Rapids are one and a quarter miles below the preceding 
rapid. They consist of a series of rapids occurring in close succes- 
sion and covering a distance of about one-half mile. The distance 
across the portage road, from head to foot, is only 250 yards. The 
total descent is 7°4 feet. At the head, the river flows in two chan- 
nels; each is 100 feet wide, with rocky banks, 10 feet high on the 
south side and 20 feet on the north. Just above the head of these 
rapids, the banks are very low, about five feet in height, and com- 
posed of clay. 3 

Round Lake Rapid, one mile below Adjoining rapids, has a descent 
of 4:5 feet in a distance of 75 yards. Below Round lake are small 
rapids and swifts covering a distance of one and one-half miles. 

White Rock Chute, three miles below Round Lake rapids, has a 
descent of 8:3 feet. An island divides the river here. The rapid 
consists of two chutes with 100 yards of rough waters intervening. 
The south channel is 125 feet wide, with rocky banks, 15 feet high on 
the north side, and from 5 to 10 feet in height on the south. Below 
this there are swift waters, and a small rapid, extending over a dis- 
tance of two miles. 

Narrow Rock Rapid, four miles below White Rock chute, has a 
descent of 1°8 feet in 20 yards, and is followed by three-quarters of 
a mile of very swift water. The river flows in two channels, 70 and 40 
feet wide respectively, with rocky banks, 20 feet high. The island is 
only five feet in height. 

Caribou Rapid, one and a half miles below Narrow Rock rapid, 
has a descent of 4°4 feet in 125 yards. The river is 40 feet wide, 
with banks from 20 to 30 feet high; but, just above this rapid, the 
banks are of clay and only 5 feet in height on the north side. 

Lower Caribou Rapid, one-quarter of a mile below Caribou rapid, 
has a descent of two and one-half feet in 100 yards. The river is 70 
feet wide and has rocky banks ten feet high. Narrow Rock, Caribou 
and Lower Caribou rapids can be combined to give a total head of 
about 10 feet. 

Rapid, three and a half miles below Lower Caribou rapid, has a 
descent of 1°8 feet in 75 yards. | 

Slide Rapid, three-quarters of a mile farther downstream, has a 
descent of 5:5 feet in 20 yards. The river flows in two channels at high 
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water; these are 100 feet and 50 feet wide, respectively. The banks 
are of clay and rock, five feet high. 

Poplar Rapid, one mile below Slide rapid, has a descent of 11:3 
feet in 120 yards. The river is 150 feet wide; the banks are of rock 
and clay, 15 feet high on the south and eight feet high on the north 
side. 

Lynx Rapid, three miles below Poplar rapid, has a descent of 4:8 
feet in 150 yards. At high water the river flows in two channels; 
120 feet and 40 feet wide, respectively, at the head, and with rocky 
banks 30 feet high. The river broadens at the foot of the rapid. 

Sturgeon Fall, twelve miles below Lynx rapid, has a descent of 
15:4 feet in 150 yards. The river is divided into two channels bya 
large island; the north channel, along which the levels were taken, 
is 70 feet wide, with rocky banks 5 feet high at the head, and 15 
feet in height near the foot of the fall. Below this fall, for a distance 
of more than six miles, the river has low, marshy banks. 

Rapid, two hundred yards below Sturgeon fall, has a descent of 
2:2 feet in 15 yards and can be combined with Sturgeon fall to give a 
total head of nearly 18 feet. 

The Two Chutes, five miles farther downstream, have a descent 
of 6°6 feet in 50 yards. The river is 400 feet wide, with banks of clay 
and rock, five feet high. At one point on the north side, the bank 
rises to 15 feet. 

First Rapid, four miles below The Two chutes, has a descent of 
3°1 feet within 100 yards. 


Berens River 


The mouth of Berens river is nearly halfway up lake Winnipeg, 
on its eastern side. The country adjoining the river as far as the first 
rapid, 11 miles upstream, consists of many low, hummocky, gneiss hills, 
which, seldom rising 20 feet above the water, are partly covered with 
a heavy, clay soil; along the river banks the soil is deeper. 

As far as the first portage, the river flows between rocky banks 
from 10 to 20 feet high, alternating with low, swampy ground. The 
current is sluggish, while the water is deep and of a dark brown 
colour, although comparatively free from floating matter. 

The Berens river has numerous concentrated falls or rapids, but 
the descent in each is not very great. The greatest is at Nightowl 
rapid, which has a descent of 39 feet. Little Grand rapid has a 
descent of 21:2 feet. There are six rapids with descents of between 
10 and 15 feet, ten with descents of between 5 and 10 feet and 
numerous others with descents of less than 5 feet. Many of these 
could be combined to obtain a head of water which it would be pro- 
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fitable to develop. Between the chutes there is little or no current. The 
discharge of the Berens, metered by Mr. Leo G. Denis at a point two 
miles above “First” rapid, was 1,744 second-feet on September 10, 
1913. The discharge of the Etomami, a small river paralleling the 
Berens and emptying into it, was 234 second-feet at a point just above 
its mouth, on September 9, 1913. A record obtained by the Manitoba 
Hydrometric Survey on March 2, 1915, gave a discharge of 634 
second-feet for Berens river. . 

Family lake, which is an expansion of the Berens river, also forms 
the headwaters of the Pigeon river described above; the two streams, 
after following irregularly parallel courses, enter lake Winnipeg only 
six miles apart. 

The following are the principal falls and rapids on the Berens 
river, mentioned in the order in which they are met in ascending the 
river from its mouth: 

First Rapid, eleven miles above the mouth, has a descent of 11-4 
feet in 100 yards. The river flows in two narrow channels, from 25 
to 40 feet wide, with rocky banks. | 

Chute, four hundred yards above First rapid, has a descent of 3°7 
feet in 20 yards. This can be combined with First rapid, giving a 
total head of over 15 feet. 

Grass Rapid, four and one-half miles above the precede chute, 
has a descent of 4:1 feet in 50 yards. The river is 200 feet wide, and 
contains numerous small, rocky islands. The banks at the head of 
the rapid are from 10 to 15 feet in height. 

Wolverine Rapid, one-half mile above Grass rapid, has a descent 
of two feet. 

Flatrock Rapid, one-half mile above Wolverine rapid, has a descent 
of 3°5 feet. It occurs at a bend in the river and the distance across 
the portage road is 80 yards. 

Rapid, one-half mile above Flatrock rapid, has a descent of two 
feet. 

Island Rapid, two hundred yards farther upstream, a a descent 
of 10 feet within 60 yards. 

The descents between Wolverine and Island rapids, inclusive, can 
be combined, as the banks along these rapids remain quite high. The 
total head, thus rendered available, would be over 17 feet. 

Kettle Rapid, three-quarters of a mile above Island rapid, has a 
descent of two feet in 50 yards. 

Netmending Rapid, three miles above Kettle rapid, has a descent 
of 2°9 feet in 30 yards. 

Roundtent Chute, one and a half miles above Netmending rapid, 
has a descent of 5:1 feet and consists of a perpendicular chute falling 
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over a ledge of rock. The river is 50 yards wide and has rocky banks 
from 10 to 15 feet high. 

Upper Roundtent Rapid, one-half mile above Roundtent chute, has 
a descent of 8°9 feet in 100 yards. The river, which is here 50 feet 
wide, has rocky banks from seven to 15 feet in height. 

The banks between the two Roundtent rapids are low in only a 
few places and the descents in these two rapids could possibly be 
combined, giving a total head of 14 feet. 

Moose Portage Chute, six miles above Upper Roundtent rapid, con- 
sists of a series of chutes over rock in a narrow channel of the river. 
At the foot, the river is only 50 feet wide and flows between per- 
pendicular, rocky banks from 15 to 25 feet high, thus affording a very 
good site for a dam. The descent is 12°5 feet within a distance of 
300 yards, as measured along the portage road. 

Rapid, three miles above Moose Portage chute, has a descent of 
two feet in 50 yards. 

Lower Oldhouse Rapid, one and three-quarter miles farther up- 
stream, has a descent of 6°3 feet within 100 yards. 

Flag Rapid, one-half mile above Lower Oldhouse rapid, has a 
descent of 6°3 feet in a distance of 25 yards. The river is 30 feet 
wide and the rocky banks are from five to ten feet high. 

Upper Oldhouse Rapid, three-eighths of a mile above Flag rapid, 
has a descent of 6°4 feet; it consists of a chute with a rapid below, 
which is 50 yards in length. The river is 150 feet wide, with a large, 
rocky island in the centre, and the rocky banks are from 10 to 20 feet 
high. The last three rapids can be combined to give a total head of 
nearly 20 feet. 

Stick Chute, two miles above Upper Oldhouse rapid, consists of 
a perpendicular chute falling over a ledge of rock, with a descent of 
4-7 feet. The river is 250 feet wide, with rocky banks from 10 to 20 
feet high. 

Water Rapid, three-quarters of a mile above Stick chute, has a 
descent of two feet in a chute over a ledge. 

Road Portage Rapid, three-quarters of a mile above Water rapid, 
has a descent of 2°1 feet and comprises a series of low chutes over 
ledges, extending over a distance of 200 yards along the river. 

Sharpstone Chute, one-half mile above Road Portage rapid, has a 
descent of 5°9 feet in a distance of 25 yards. The river, which is 125 
feet wide, is narrowed by a projection jutting out from the south 
shore; at high water, this becomes an island with a very narrow chan- 
nel on the south side. The banks of rock are 15 feet or more in height. 

The different descents, between Stick chute and Sharpstone chute, 
inclusive, could be combined, as the rocky banks along the river 
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between these two points maintain a height of from 15 to 20 feet. 
The total head thus obtained would be over 16 feet. 

Island Rapid, three-quarters of a mile above Sharpstone chute, has 
a descent of 2:2 feet in a distance of ten yards. The river has two 
narrow channels with high, rocky banks. 

Whitebeaver Rapid, one-half mile above Island rapid, has a descent 
of 10°5 feet within 150 yards. The river flows in several narrow 
channels separated by large, rocky islands. The broadest channel is 
only 30 feet wide at the head and 50 feet at the foot of the rapid. 
The rocky banks are ten feet or more in height. 

Smoothrock Rapid, four miles above Whitebeaver rapid, has a 
descent of 4°7 feet in a distance of 30 yards. 

Rapid, one-quarter mile above Smoothrock rapid, has a descent of 
2°8 feet within ten yards. It could be combined with Smoothrock 
rapid, thus giving a total head of 7°5 feet. 

Sandisland Chute, one and one-quarter miles farther upstream, has 
a descent of 9 feet in a distance of 70 yards. 

Rapid, one-quarter mile above Sandisland chute, has a descent of 
2 feet in a distance of 15 yards. 

Tiver Rapid, one-quarter mile above the last mentioned rapid, has 
a descent of 4:7 feet in a distance of 30 yards. The descent from 
Sandisland chute to Liver rapid, inclusive, could be combined to give 
a total head of more than 15 feet. 

Shortcut Chute, one-half mile above Liver rapid, has a descent of 4 
feet within 60 yards. The river has two channels, 70 feet and 125 
feet wide, respectively, with low banks consisting of soil over rock. 

Shoreroad rapid, three-quarters of a mile above Shortcut chute, 
has a descent of 3:7 feet in 300 yards. The river, at this point, is 
narrow and has rocky banks 20 feet in height. 

Child Portage Rapid, two and a half miles above Shoreroad rapid, 
has a descent of 7‘9 feet. The river here is divided into several chan- 
nels and has rocky banks 20 feet high. The distance, as measured 
along the portage road, is only 150 yards, but is much longer follow- 
ing any of the river channels. 

Rapid, one and a half miles above Child Portage rapid, has a 
descent of 1-7 feet in a distance of 50 yards. 

Crooked Rapid, one-eighth of a mile farther upstream, has a 
descent of 11:2 feet in 100 yards. The river flows in several narrow 
channels, and the rocky banks are 15 feet or more in height. 

Wolf Chute, one-half mile above Crooked rapid, has a descent of 
3:1 feet in ten yards. The river is 50 yards wide, with rocky banks 
which are from 10 to 15 feet high. 

Etomami Chute, one mile above Wolf ante has a descent of 1°8 
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feet in 25 yards. The river is 70 feet wide, having rocky banks, five 
feet or more in height. The descents between Child Portage rapid and 
Etomami chute, inclusive, could be combined, giving a total head of 
more than 26 feet. 

Long Lake Chute, two miles above Etomami chute, has a descent 
of 3 feet. The river is divided into several channels by large, rocky 
islands, with a short chute in each channel. The banks are 10 feet or 
more in height. 

Rapid, near the head of Long lake, five miles above the last-men- 
tioned chute, has a descent of 2°3 feet in a distance of ten yards. 

Pawmted Moose Chute, one-half mile farther upstream, has a 
descent of 10°8 feet within 100 yards. The river flows in two chan- 
nels; each of these is 20 feet wide, with rocky banks 25 feet high. The 
rapid near the head of Long lake could be combined with this, giving a 
total head of more than 13 feet. 

One mile above Painted Moose chute, the river divides into two 
channels, one of which is much smaller than the other. The smaller 
channel could be used as a headrace, as there are two sharp descents, 
one-half mile apart, before it joins the main stream. The total head 
at this point would be 8°4 feet. 

Manitou Rapid, five miles above the foot of the small channel above 
described, has a descent of 2 feet in 20 yards. 

Crane Rapid, eight miles above Manitou rapid, has a descent of 
7°6 feet in 100 yards. The river is divided into two channels, 50 feet 
and 20 feet wide, respectively. The banks are from 5 to 10 feet high 
at the head, and 20 feet in height at the foot of the rapid. 

Whiteman Rapid, one and a half miles above Crane rapid, has a 
descent of 2°4 feet in ten yards. The river flows in two or three chan- 
nels, according to the stage of the water, with banks 5 to 10 feet high. 

Nightowl Rapid, three miles above Whiteman rapid, has a descent 
of 39 feet; the distance over the portage road is 420 yards. The river 
is divided into several channels by rocky islands; the total width at 
the foot is, approximately, 1,000 feet, of which only about half is 
water. The banks are from 10 to 15 feet high, following the general 
slope of the rapid. 

Rapid, one-quarter of a mile above Nightowl rapid, has a descent 
of 1:4 feet in a distance of 50 yards. This rapid could be combined 
with Nightowl rapid, giving a total head of more than 40 feet. 

Little Grand Rapid, three-quarters of a mile above Family lake, 
has a descent of 21:2 feet in 400 yards. The river is divided into 
three channels, approximately 300, 200 and 50 feet in width, respec- 
tively. The rocky banks are ten feet high and follow the general slope 
of the rapid. Below the main rapid is a stretch of rough water which 
would add one or two feet to the head. 
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DISCHARGE MEASUREMENTS OF BERENS RIVER 
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Poplar River 


The Poplar river flows into an inlet on the east shore of lake Win- 
nipeg, about midway between the north and south extremities of the 
upper main body of the lake. 

The general direction of the river from its source to lake Winnipeg 
is north-westerly. It drains 1,950 square miles, approximately. 

The lower portion of the basin is confined between the Big Black 
river and the Leaf river systems, but above this the drainage widens 
out. Large areas of this upper watershed are stated to be low and 
swampy, with rocky ridges at various points. Practically all drainage 
from the headwaters passes through Thunder lake, situated some 25 
miles above the mouth of the river. 

The Poplar is only navigable by canoe, and, as no railway traverses 
this territory, the only means of access is by lake Winnipeg steamers. 

An Indian reserve, situated at the mouth of the river, is the only 
settlement in the immediate vicinity. 

The power possibilities of this river have not 
Numerous been fully investigated, but it is stated that several 
Water-powers ; : : s 
rapids occur, the more important being in the reach of 
the river below Thunder lake.* An estimate of the mean annual dis- 
charge of the river, based on a run-off of 0.3 second-feet per square 
mile, would give a discharge of 585 second-feet. 


*Note by L. G. D.—The following rapids are reported between the con- 
fluence of the North branch and the mouth: 
Rapid, four miles above Thunder lake, has a descent of 20 feet in 100 yards. 
Rapid, two miles farther down stream, has a descent of 16 feet in 630 yards. 
_ _ Rapid, four and a half miles below Thunder lake, has a descent of nine feet 
in 25 yards. 
Rapid, one mile below the preceding rapid, has a descent of four feet in 
ten yards. 5 
Rapid, two and a quarter miles farther down, has a descent of nine feet in 
100 yards. 
Rapid, one-half mile below, has a descent of four feet in 120 yards. 
Whitemud rapid, eight and a half miles farther down stream, or 1634 miles 
below Thunder lake, has a descent of nine feet in 200 yards. 
Balsam rapid, six and a half miles below Whitemud rapid, has a descent of 
12 feet in 150 yards. 
das rapid, five miles below Balsam rapid, has a descent of 10 feet in 200 
yards. 


jon 
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Big Black River 


The Big Black river discharges into an inlet on the east shore of 
lake Winnipeg, about 40 miles from the northerly extremity of the 
lake. 

Situated, as Big Black river is, in a portion of Manitoba which 
is unsurveyed and difficult of access, little is known as to the extent 
of the descent occurring on this river, but it is known that there are 
rapids at several points.* 

The general direction of the river from its source is about west- 
northwest. The drainage area is estimated to comprise 1,350 square 
miles, but little is known concerning the upper portion of the basin. 
About 40 miles above the mouth, the Pelican river is tributary to the 
Big Black, and between this point and lake Winnipeg the over- 


*Note by L. G. D.—It is reported that the course of this river is broken by 
some thirty-three rapids; the more important are the following: 
Rapid, five miles above the mouth, has a descent of 13 feet in 75 yards. 
Pah cane rapid, 13 miles above the mouth, has a descent of 7 feet in 130 
yards. 
High rapid, 17 miles from the mouth, has a descent of 25 feet in 100 yards. 
Island rapid, two and one-half miles above High rapid, has a descent of 15 
feet in 150 yards. 
Mink rapid, 23%4 miles above the mouth of the river, has a descent of 5 
feet in 300 yards. 
Rapid, two and a quarter miles above Mink rapid, has a descent of 7 
feet in 220 yards. 
Long rapid, two and one-half miles farther up, has a descent of 57 feet in 
one and one-half miles. 
Rapid, three and” one-half miles above Long rapid, has a descent of 8 
feet in ten yards, 
Pelican rapid, five miles above Long rapid, or 3634 miles from the mouth, 
has a descent of 6 feet in 50 yards. 
Rapid, one and one-half miles above Pelican rapid, has a descent of 4 
feet in 20 yards. 
Rapid, two and three-quarter miles above Pelican rapid, has a descent of 
9 feet in 100 yards. 
Skunkfeet rapid, eight miles farther up, has a descent of 12 feet in 200 
yards. 
Rapid, one mile above Skunkfeet rapid, has a descent of 5 feet in 40 
yards, 
Rapid, one and one- half miles farther up, has a descent of 7 feet in 90 
ards. 
; Rapid, six miles above Skunkfeet rapid, has a descent of 5 feet in 75 
yards. 
Rapid, one and one-half miles above the latter, has a descent of 5 feet in 
50 yards. 
Adjoining rapid, one mile farther up the river, and 56 miles from the 
mouth, has a descent of 20 feet in one mile. 
Rapid, three miles above Adjoining rapid, has a descent of 10 feet in 100 
ards. 
“ Rapid, thirteen miles farther upstream, has a descent of 6 feet in 40 
ards. 
i Rapid, one mile above the latter, has a descent of 5 feet in 10 yards. 
Rapid, two miles farther up and 19 miles above Adjoining rapid, has a 
descent of 13 feet in 45 yards. 


7 
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lying soil is clay, with rock outcrops. In the upper reaches, the 
land is reported to be low and swampy, and the banks marshy, 
with fringes of reeds and rushes extending into the river. In the 
ower reaches, comprising the clay belt, a mixed growth of pine, 
spruce, balsam and poplar is reported, but the growth in the upper 
watershed is principally of willows. 

The river is navigable only by canoe, and the means of access is 
by boat from Selkirk during the period of navigation. There are no 
settlements in the vicinity of the river, but it is stated that trappers 
frequent the region in winter. 

Assuming a drainage of 1,350 square miles, and mean annual 
run-off of 0.3 second-feet per square mile, the mean annual discharge 
at the mouth is estimated at 400 cubic feet per second. 


Belanger River 


The Bélanger river discharges into lake Winnipeg, on its eastern 
shore, about 20 miles from the north end of the lake. It rises in the 
vicinity of Gunisao lake and flows in a westerly direction to lake 
Winnipeg. 

Its basin is narrow, varying from 10 to 15 miles in width, and lies 
between the Gunisao river to the north and the Big Black river to the 
south. The country for the greater part is level, with the exception of 
a few rocky hills. 


ee For the first nine miles above the mouth the banks 
Description are stated to be from 6 to 15 feet in height, and 
of River are composed of clay, with very few rock outcrops. 
Outcrops do occur, however, at all rapids throughout the extent of the 
river. The banks above the first rapids gradually increase in height 
to some 18 feet, being still composed of clay. In the upper reach of 
the river, rock outcrops and overlying soil of clay are encountered, 
both at rapids and along the quieter stretch of the river. 

The first nine miles of river varies in width from 200 to 300 feet; 
above this the stream narrows, and, in the upper waters, the bed is 
strewn with boulders. 

It is reported that much of the tributary territory has been burnt 
over, with the destruction of considerable timber, but there is still a 
growth of poplar and black spruce near the river. 

Owing to several rapids on the river, navigation is only possible 
by either rowboat or canoe. During the navigation season, the mouth 
of the river is accessible by steamer from Selkirk. 

Though the upper portions of the watershed have not been 
explored, it is estimated that the Bélanger river has a drainage area 
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of 730 square miles. Assuming that the mean annual run-off is 0.3 
cubic feet per second per square mile, the mean annual discharge 
would be 225 cubic feet per second at the outlet. In the absence of 
discharge measurements, no estimate is made respecting the maximum 
or minimum flow, and even the mean stated above is subject to revi- 
sion when such data are obtained. 


Piyin Beast. Investigations of the power possibilities of this 
bilities not as river have not been made, but it is known that con- 
yet known siderable descent occurs, and that it is concentrated 
at several points, indicating power possibilities. At the first rapids 
above the mouth, a fall of about eight feet is reported, while above 
this there are many rapids which are impossible to navigate and 
necessitate portages.* 


Additional Rivers in Lake Winnipeg Basin 


In the lake Winnipeg basin there are also the following rivers :— 

ETOMAMI RIVER practically parallels Berens river, flowing 
into the latter a few miles above lake Winnipeg. The total estimated 
fall in the river is 180 feet; two of the rapids have descents of 8 
feet and 15 feet respectively. For the discharge of this river see under ° 
Berens river p. 91. 

GUNISAO RIVER has two important rapids below its forks; the 
North branch has 10 portages, while there are 22 on the South 
branch. 

FISHER RIVER flows into lake Winnipeg from the west; the 
total fall from the forks to the mouth is 20 feet. The river is broken 
by three rapids in this stretch. 

* Note by L.G.D.—There are reported to be 21 portages on this river. 


CHAPTERIY. 


Nelson River and Tributaries and Hayes River* 


The Nelson river flows through the central portion of northern 
Manitoba. Rising in the northerly end of lake Winnipeg, it flows in 
a general north-easterly direction, discharging into the southwest 
corner of Hudson bay. 

The Nelson river, as the outlet of lake Winnipeg, discharges the 
waters collected from an immense drainage area. It is one of the 
main drainage systems of the northern continent, having a tributary 
area of approximately 450,000 square miles. This vast area extends 
from the height-of-land, a short distance west of lake Superior, to 
the Rocky mountains. To the north, the basin is bounded by the 
Athabaska and Churchill watersheds, while the southern drainage 
extends down into the Northern States. Rivers tributary to lake 
Winnipeg, and having immense areas of tributary drainage them- 
selves, comprise such systems as those of the Winnipeg, Red, Dauphin 
and Saskatchewan rivers. Numerous smaller rivers, including the 
Berens, Pigeon, Manigotagan and Brokenhead, also contribute to 
the flow from lake Winnipeg. 


ee destinnal Practically a complete range of physical character- 
Physical _ istics or conditions is found throughout the basin, 
Characteristics comprising, as it does, the drainage from the eastern 
slopes of the Rocky mountains, extending thence to the prairie 
section of Western Canada, and again farther eastward to the rocky 
and hummocky country of the Laurentian plateau. Similarly, there 
is a wide diversity of vegetation and forest growth within the 
basin. 

The drainage directly tributary to the Nelson is small in extent 
as compared to that tributary to lake Winnipeg, but it includes the 
following rivers: Burntwood, Limestone, Kettle and several smaller 
streams. 

From the tremendous expanse of lake Winnipeg and its tri- 
butary systems of great lakes, comprising lakes Manitoba and Winni- 


* In this chapter, a portion of the description of the Nelson river was con- 
tributed by the Water Power branch of the Department of the Interior. 
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pegosis, a natural regulation of the flow of the Nelson river results, 
and the range between flood and minimum discharge is not high. In 
this respect, it is similar to the St. Lawrence, which is regulated by 
the Great lakes. 


aus The length of the river from lake Winnipeg to Hud- 
Description son bay, as determined by a survey made by Dr. Otto 
of River J. Klotz, is 430 miles. In this distance a descent of 
713 feet occurs. The upper reaches of the river are more properly 
described as a chain of lakes connected by falls or by reaches of river 
and rapids. In this upper portion of the river, extending approximately 
to Split lake, some 250 miles from lake Winnipeg, the banks are in 
general higher than in the lower portion. Although the river, as 
stated, expands in this upper section into many lakes of slow-running 
water, yet the falls are more sharply defined and are usually of 
steeper descent than those in the lower reaches, and also are often 
separated by islands into numerous narrow channels. Not only are 
the banks lower as lake Winnipeg is approached, but the distance 
between them increases. The descent in the lower portion is less 
abrupt, being more often a series of rapids or swift-running water. 
These latter characteristics gradually become more accentuated as 
Hudson bay is approached. 


Expanding into Playgreen lake, a short distance 
Broken by below lake Winnipeg, the river flows from the former 
capri dl aaron lake through two main branches, separated by Ross 
island, and known as the East and West rivers. The East river, on 
which occurs Sea River fall, is narrowed at many points by islands, 
although, later, it expands into Pipestone lake. The West river is 
wider, and is navigable by steamboat to Whisky Jack portage, which 
is near the junction of the two branches at Cross lake. From this 
lake to Sipiwesk lake, the river at first flows between islands, and 
descends through the Ebb-and-flow rapids, followed by the White- 
mud fall. The Bladder rapid follows, in which the river flows in one 
narrow channel. Below this rapid, it again divides into two main 
channels before Sipiwesk lake is reached. On the eastern channel 
three rapids occur, Over-the-hill, Red Rock and Chain-of-rocks rapids. 
Below Sipiwesk lake, to the Manitou or Devil rapid, the river is more 
contracted and retains this feature until it reaches Split lake. In the 
reaches above Split lake is Grand rapid, followed very closely by the 
Chain-of-islands rapid. Birthday, or Overfall, rapid follows in the 
stretch of river to Gull lake. Below this latter lake, the river expands, 
and is divided by islands, with the formation of Gull, Kettle and 
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Long-spruce rapids. From Long-spruce rapid to Hudson bay, in 
which stretch the Limestone rapid occurs, the river is generally wider 
and freer of islands. 


Throughout its course, rock outcrops occur at prac- 
Nature of tically all rapids. The soil overlying the rock is prin- 
ie cipally clay, with some deposits of gravel and boulders. 
The banks, where rapids are situated, range in height from 10 to 70 
feet in the upper portion of the river. 


A scattered growth of timber, including spruce, birch and poplar, 
occurs along the river. The clay soil overlying the rock formation is 
stated to be very fertile, and root crops are grown at Norway House, 
Cross Lake and Split Lake. Wheat is also said to have been grown 
at the two former places. 


High water takes place during midsummer, while the period of 
low water is usually the late winter months. It is also stated that 
the extreme range between these two periods is never more than six 
feet. | 

Steamboats navigate the Nelson from lake Winnipeg to Whisky 
Jack portage, but, below this point, navigation is only possible in 
certain portions of the river. It will be crossed at two points by the 
Hudson Bay railway. 


In 1878 Dr. Robert Bell made a geological exam- 

peste dl ination of the river from lake Winnipeg to the mouth. 

A similar survey was made in 1902 by Mr. J. B. Tyr- 

rell, also of the Geological Survey. A reconnaissance survey in the 

interests of navigation, was made by the Department of Public Works 

of Canada in the autumn of 1909. Surveys carried on by the Water 

Power branch of the Department of the Interior include a reconnais- 

sance of the power possibilities of the upper portion of the river, by 

the late William Ogilvie, in 1910, and also discharge measurements 
of the East and West rivers during the season of 1913. 


Precipitation—As no precipitation records are 

Run-off Records available for the greater portion of the drainage area 

not Complete ROR Re : i ‘ 

it is impossible to estimate the mean for the whole 

area. The following table gives the mean annual precipitation for 

certain stations lying within the basin. It will be noted that there is a 
wide range in the precipitation :— 


ELSON RIVER—WHITEMUD Fa (WEST CHANNEL) 
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Precipita- 


Station —_—_____-____, tion, in 

From To - inches 
Winhkinee. Wao nee ere ees 1873 1912 
Kenora ones sre ee hy 1886 1912 
Channel island (lake Winnipeg) .. 1890 1903 
Norway House, Man. ........... 1896 1904 
Moorhega: Minne ee S285 1881 1908 
Princer Albert, Sask io oa... yds 1903 1912 
Mamortog.  riberta ry oo. det 1883 1912 
Caleaty) Piperta (a ae oe ee 1886 1909 
RAPIER, ADELE iis dace gials od wisi 1896 - 1912 
eh PRIDETEA O'S aot 5 BG teat hay 1891 1912 


Discharge Measurements.—Several discharge measurements have 
been made on the Nelson river, though none of them, apparently, de- 
termine its low-water flow. Discharge measurements made by Mr. 
William Ogilvie in the latter part of August, 1910, in the vicinity of 
Whitemud fall, indicate a discharge of 109,364 second-feet. Mr. Miles, 
of the Department of Public Works, obtained a discharge measure- 
ment at the outlet of Sipiwesk lake on October 6, 1909, at what was 
stated to be a very low stage of the river; this recorded a flow of 
118,369 second-feet. In September, 1913, measurements of the flow of 
the East and West rivers were made by Alexander Pirie, of the Mani- 
toba Hydrometric Survey. On September 16, 1913, the total flow 
of the East river, below Sea River fall, was 19,762 second-feet. On 
September 25, 1913, the flow on the West river, in the vicinity of 
Whisky Jack portage, was 46,549 second-feet. At the time of meter- 
ing the West river, a storm from the northwest lowered the level of 
lake Winnipeg at its outlet, which undoubtedly greatly decreased the 
flow. 

A regular metering station was established by the Manitoba 
Hydrometric Survey at the Manitou rapid on July 18, 1914, and 
continuous readings secured till September 24 of the same year; 
the discharge during this period ranged from 87,000 to 103,000 
second-feet. Records were also secured at this station during the 
winter of 1914-15, a low flow of approximately, 45,000 second-feet 
being recorded. 


_ As stated previously, any extreme variation in the 
Storage — flow of the Nelson river is hardly possible, due to the 
Possibilities . Raia : 

immense expanse of lake Winnipeg, which offers un- 
excelled facilities for storage regulating the flow. The lake com- 
prises an area of 9,414 square miles, and, in extent, ranks fifth in 
superficial area of the lakes of North America; it is over 2,000 square 
miles larger than lake Ontario and slightly smaller than lake Erie. 
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The following table gives an estimate of the flow which a storage of 
only two feet would render available for periods of either three 
months, six months or a year: 


Storage in Rate of draught in second-feet 
Depth of storage | billions of © | A __ 
cubic feet Period, 3 mos, | Period, 6 mos. | _ Period, 1 year 
fifoattn. ae 262.30 33,260 16,630 | 8,315 
SECRET Ra 524.60 66,520 33,260 16,630 


In considering the character of its rapids and falls, 
Power the Nelson may be divided into three sections: (1) 
Sti hgatrs from the mouth to Kettle rapids; (2) from Kettle 
rapids to Split lake; (3) above Split lake. 

In the lower portion, namely, below Kettle rapids, it is generally 
very wide and free from islands where rapids occur. The rapids 
have a very gradual descent, are quite long, and, on account of the 
great width of the river, the prospects for power development are 
not very attractive. 

In the portion between Split lake and the foot of Kettle rapid, 
there are many islands where the rapids occur. The rapids are steeper 
and, although, in some cases, the banks are rather low, this portion 
offers greater possibilities than the lower. 

In the two sections just described, which include all the river below 
Split lake, there is a practically continuous series of rapids and swiits. 
Even between rapids there are no still-waters; these stretches are 
either swift or rough. 

Above Split lake, the rapids and falls are well-defined, and their 
descents are generally steep as compared with those in the lower 
portion of the river. In this section, except above Pipestone lake, 
the stretches between the chutes or rapids have very sluggish cur- 
rents; the total descent in the river really occurs only at the chutes 
and rapids which, especially above Sipiwesk lake, occur in numerous 
narrow channels separated by islands. Where these islands are situ- 
ated, the river is quite wide, but the individual channels between 
islands are narrow. Power development in this part of the river 
should be accomplished easily; respecting the higher falls, z.e., those 
over eight or ten feet in height, there is no doubt that the total head 
can be utilized, while the chutes and rapids with less descent might be 
combined or used to increase the natural heads of the higher falls. 

: In ascending the Nelson river from its mouth, Seal 
General island is the first landmark passed; from this island 
Description 4 i : y A 

upward, the current is quite swift. The river is 
about three-quarters of a mile wide, with clay banks from 50 to 100 
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feet high. At a large island, 15 miles farther upstream, the river 
narrows somewhat and its depth increases as the current slackens 
slightly. The banks here are lower and less steep and, at a point 32 
miles above Seal island, opposite a group of three islands, they become 
very low on the west side. Commencing eight miles above the last 
mentioned group, the river widens again, the current becomes much 
more sluggish and the banks are alternately low and high, varying 
from eight to fifty feet. Limestone begins to appear at low points in 
the river seven miles farther up and rough water may also be noticed 
near the shores; high clay banks are still a feature. 

Rapids below Last Limestone Rapids.—These are, in reality, merely 
rough water and swifts which extend over a distance of four miles, 
with a descent of from five to ten feet per mile. The width of the 
river is one-half mile. The banks, which are of clay, over limestone, 
vary from 20 feet to 100 feet in height; at one place, on the west 
side, they are only two or three feet above water but gradually rise 
to 30 feet. As heads would have to be created by dams power devel- 
opment here, while not impossible, would be almost prohibitive on 
account of the cost under present conditions. Above the rapids, three 
or four miles of smoother, but still moderately swift, water are en- 
countered before reaching Last Limestone rapids. 

Pease timed These rapids may be divided into Se different 
stone Rapids pitches, as follows: 

First Pitch, three-quarters of a mile long, with a descent of six 
feet. The river is three-quarters of a mile wide; the banks, on the 
west side, are 80 feet in height and consist of clay over limestone; 
on the east side they are composed of limestone but rise to a height 
of only 20 or 30 feet. 

Second Pitch, one mile long, with a descent of 15 feet, ten feet of 
which occurs within three-eighths of a mile. The river is one-half mile 
wide, with banks similar to those in the first pitch. 

Third Pitch, three-quarters of a mile long, with a descent of ten 
feet. The width of the river is five-eighths of a mile and the banks 
here also are similar to those in the first pitch. 

| Fourth Pitch, one and one-half miles long, has a descent of ten 
feet. The river is three-quarters of a mile wide, and the banks are 
similar in composition to those in the first pitch but rise to a height 
of 40 feet on the east side. 

Again, in the case of these four pitches, the whole head would 
have to be created by a dam or dams, and the cost of development 
would be very high. Between Last Limestone and Limestone rapids, 
there are five miles of fairly smooth water. The foot of the latter 
rapids is immediately below the mouth of Limestone river. 
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thinestons These rapids may be divided into two portions, of 
Rapids which the upper is much the more important. 

Lower Pitch is one-eighth mile long, with a descent of eight feet. 
The river is one mile wide; the banks are of clay, over limestone, 
and are from 50 to 75 feet in height. This part of the rapid is 
immediately below the bend where Limestone river enters; on the 
west side it makes a sheer drop of four feet, while on the east side the 
descent is more gradual. 

Upper Pitch is the first attractive site on the river from a power- 
development standpoint. The portage is three-quarters of a mile long; 
the distance is nearly as great along the river and the descent is 25 
feet. The stream is three-quarters of a mile wide, with banks of clay 
and limestone, from 50 to 75 feet high. The rapid on the west side 
is very rough and quite steep. Possibly a wing and longitudinal dam 
development would utilize a great portion of the flow. 

Above the Limestone rapid is a stretch of water two miles long, 
having a uniform descent of frorn five to eight feet per mile. Above 
this are eight or nine miles of fairly smooth water before the foot of 
the Lower Long-spruce rapid is reached. 

Lower Long-spruce Rapid.—This rapid is four 
Long spruce miles in length, and has a descent of 52 feet. It 
Rapids : : : 
consists of a series of low cascades over granite ledges, 
with the rock visible in most parts of the river. The river is very 
wide in this portion but narrows to one-half mile at the foot of the 
rapid. The banks are of clay rising to a height of 70 feet; at a few 
points, they are as low as ten feet near the river, but gradually slope 
upward from the shore. 

Upper Long-spruce Rapid.—This rapid is two miles long and has 
a descent of 40 feet. It comprises a series of cascades and rapids 
passing over granite, which shows throughout the breadth of the river. 
In the lower portion, the pitches are quite appreciable and 
continuous; the high clay banks, however, have disappeared and the 
river is less than one-half mile wide. One of the stretches which is 
portaged showed a descent of 25 feet in less than three-quarters of a 
mile. Then follow four miles of smooth water before thé foot of 
Kettle rapid is reached. 

This rapid may be divided into three pitches, as 
follows: 

First Pitch is three miles long, and has a descent of approximately 
forty feet. The river is from five-eighths to three-quarters of a mile 
wide, with banks of clay or red granite, from 20 feet to 50 feet high; 
these become lower farther up the river and, in the upper portion, are 
only 15 feet high. In the lower portion of this pitch, rocks show 
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throughout the width of the river; these give place to islands as the 
higher section is reached. The descent in this portion of Kettle rapid 
could possibly be utilized by creating heads at two different points. 

Second Pitch affords great facility for power development on 
account of the narrowness oi the river near the foot of the rapid. At 
this point the river, which is only about 200 yards wide, is to be 
crossed by the Hudson Bay railway. This narrow width prevails 
only for a distance of 300 yards near the foot of this pitch, above 
which the stream broadens again to a width of nearly three-eighths 
of a mile. The descent is 21.5 feet in slightly more than one-half 
mile. The banks, from 20 to 30 feet high, are of clay over granite 
and afford splendid conditions for power development. Between the 
second and third pitches is a stretch of smooth water two miles in 
length. 

Third Pitch is passed by means of a portage 100 yards long; the 
distance is the same by water. The descent is 17 feet. The river, 
which is five-eighths of a mile wide, is divided by an island; the 
banks are quite low near the water but rise beyond. | 

The section between the head of Kettle rapid and the foot of Gull 
rapid is also characterized by many swifts and rough waters. In the 
first mile, there is a fall of from five to eight feet ; the stream is three- 
quarters of a mile wide and contains many islands; the banks in 
this part are very low. For the next three and one-half miles there 
is fairly smooth water leading to a portage two miles long, on the 
west side of the-river. The descent from the head to the foot of 
the portage is approximately ten feet. Above the head of this portage 
occurs a series of small rapids and swifts for a distance of five miles, 
none of which need be considered in respect to power development. 
For the next four miles, the river is fairly smooth and contains many 
islands; the banks are from five to 15 feet in height but, in certain 
places, as low as two feet. A point in the river known as Moosenose 
is then reached, above which is a succession of swifts and rapids for a 
distance of three miles. The steepest section of these has a descent of 
nearly eight feet in three-quarters of a mile; owing to the width and 
the low banks of the river this, however, is not very suitable for power 
development. The succeeding seven miles of quiet water end at the 
foot of Gull rapid. 

Gull rapid passes over granite, the rock appearing 

Gull Rapid all along the banks. The four pitches, into which the 
rapid may be divided, are separated by swift and rough 

water which may be utilized to increase the natural heads. Unfortun- 
ately, the banks are very low in many places, rendering it impossible to 


108 COMMISSION OF CONSERVATION 


secure the full advantage for purposes of power development. From 
the head of the first pitch to the foot of Gull lake the river contains 
many islands. 

First Pitch, which is passed by a portage on the north side of the 
river, shows a descent of 20 feet in a distance of 550 yards. Where 
two points project into the river it is only 1,000 feet wide; but above 
and below this narrow part, the river widens to 2,000 feet. The banks 
are 30 feet high, of granite and clay, and the head could be easily raised 
to 30 feet by drowning the swift and part of the rapids which extend 
above for a distance of three-eighths of a mile. 

Second Pitch is also passed by a portage on the north side of the 
river, and shows a similar descent of 20 feet within a distance of 500 
yards. On the north side, the river is divided into many channels by 
islands, but the main channel is 1,500 feet wide, with banks from 10 
to 20 feet high. The possibility of the economic development of this 
pitch is questionable. In one of the north channels above the second 
pitch there is a succession of low cascades for three-eighths of a mile, 
at the end of which the foot of the third portage is reached. 

Third Pitch, in the north channel, has a descent of 21 feet in a 
distance of 350 yards. The banks are very low, being almost on a 
level with the water at the head of the portage. In the boat chan- 
nel, above the third pitch, there is a succession of low cascades three- 
eighths of a mile long; the banks are low as far as the foot of the 
fourth series of rapids. 

Fourth Pitch shows a descent of 17 feet in three-eighths of a mile. 
In this stretch of the river there are many islands, and here also the 
banks are very low. ! 

Gull lake is about one-half mile above the head of Gull rapid. It 
has very low banks which, in some places, are not more than three or 
four feet in height. It contains numerous islands, which, in some cases, 
restrict the channel to such an extent as to make the current quite 
strong. 

For seven miles above Gull lake, there is a series of alternate 
swifts, smooth waters and rough waters, with a total descent of 
approximately 40 feet. The river has an average width of one-half 
mile, and the banks are of clay and granite, from 15° to 20 feet in 
height. 
ale aa Overfall rapid, which ends immediately above the 
Birthday section just described, is one-half mile long and has a 
Splat descent of about 25 feet. The banks are 20 feet high, 
consisting of clay on rock. At the foot of the rapid, the river is 
divided by an island and the broader channel is 550 yards wide; at 


NELSON RIVER—KETTILE RAPID 


NELSON RIVER—BLADDER RAPID 


NELSON AND HAYES RIVERS 109 


the head of the rapid it flows in one channel, only 350 yards wide. 
Power development at this rapid seems quite feasible. 

Above Overfall rapid is a stretch of smooth water, three miles in 
length; in the interval between this and Split lake—five or six miles 
upstream—is a series of rough waters and rapids with a total descent 
of about 30 feet. The steepest portion has a descent of 15 feet in a 
distance of one mile, but none of it seems suitable for economic 
development. | 

Above Split lake, as already stated, the character of the river 
changes considerably. The rapids are much better defined and have 
steeper descents; they are generally separated by long stretches of 
smooth water. Ascending the river from Split lake, the first chute 
encountered is Chain-of-islands chute. 

Chain-of-islands Chute-—This chute occurs in the western chan- 
nel, flowing around a large island at the head of Split lake. The 
descent is 4.5 feet in a distance of 300 yards. The channel is 200 feet 
wide, with rocky banks from 5 to 20 feet high. The head here may 
possibly be increased, but, unfortunately, the height of the banks 
above would not permit more than three or four feet additional. 

Above this chute is smooth water for a distance of six miles, and, 
before the foot of Grand rapid is reached, the river is divided by 
several islands separated by very swift currents. 

Grand Rapid has a descent of 20.1 feet, while the distance across 
the portage road is 160 yards. The river bends around the long nar- 
row point across which the portage is made. ‘Iwo sharp pitches or 
chutes, 600 feet apart, are succeeded by rapids below the second pitch. 
The total distance, following the river’s course, is 1,300 feet. The 
river is 400 feet wide and the banks, which are of granite, 20 feet 
high, would render possible an increase of the head by an additional 
five or six feet. 

A small rapid occurs two miles above Grand rapid, but the descent 
is only one foot in a distance of 20 feet. Both above and below this 
rapid the current is quite strong. 

Mamtou Rapid occurs in a very narrow section of the river. Al- 
though the descent in the rapid proper is comparatively small—about 
seven or eight feet in one-half mile—the fact that the river is only 400 
feet wide favors power development. The granite banks are from 
40 to 50 feet high. Above the rapid the current is quite swift and, 
except at short intervals, the banks remain fairly high, so that a head 
of at least 25 feet could be created without flooding much land. 

Small Devil Rapid, three miles above the Manitou rapid, has a 
descent of three feet in 150 yards, and would probably be drowned 
out by creating a head at the latter rapid. At the head of Sipiwesk 
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lake, the river is divided by a large island and the next three rapids, 
namely, Chain-of-rocks, Red Rock and Over-the-hill, are situated in 
the eastern channel. 

Chain of Rocks Rapid has a descent of 1.5 feet in a distance of 
20 feet. The channel is 1,200 feet wide, with a chain of large rocks 
extending across it. The banks are from 10 to 20 feet high at the 
chute but very iow above it, thus rendering it impossible to raise the 
head to the height necessary for the development of power. 

Red Rock Rapid may be divided into four sections,—(1) the 
rapids below the lower canoe portage, (Z) the chute at the lower 
portage, (3) the swift between the two portages, (4) the chute at 
the upper portage. The descent in the first section is about three feet 
in one-quarter of a mile while, in the other three sections above, it is 
8.8 feet in a distance of 1,400 feet, giving a total descent of 11.8 feet. 
At the lower portage, the channel narrows to approximately 700 feet 
while, above and below, it is 2,000 feet wide. The banks are of granite 
and clay and from 20 to 50 feet high. A half-mile above Red Rock 
rapid is another small rapid with a descent of 1.3 feet in 200 yards. 
As the banks at this small rapid are fairly high it could be utilized to 
increase the head of Red Rock. 

Over the Hill Rapid flows around a point and has a total descent 
of 9.5 feet; it consists of a chute, succeeded by a very rough rapid. 
Along the channel it measures nearly 900 feet, but the distance across 
the point, at the canoe portage, is only 260 feet. The banks, composed 
of clay over rock, are from 10 to 20 feet in height. The channel, at 
the chute, is only 800 feet wide and is divided by a fair-sized island 
situated in midstream. 

Although the distance between Red Rock and Over-the-hill 
rapids is comparatively short, it is doubtful if they could be combined, 
as the banks between the two rapids are very low in several places. 
However, above Over-the-hill rapid, the current is strong and the 
descent, which averages from four to five feet per mile, could be 
utilized to increase the head at the latter rapid by several feet; but 
here, also, the banks are very low and this increase could not be more 
than three or four feet. 

Bladder Rapid consists of a chute at the island where the York 
boats are portaged succeeded by heavy rapids extending over a distance 
of 400 yards. The total descent in these two sections is 8.3 feet; 
below this rapid is another stretch of swift water and rapids, 500 
yards long, with an additional descent of possibly three feet. The 
width of the river at the canoe portage is 400 yards, but the stream is 
divided into two channels by a large island. The banks, consisting of 
clay over granite, are from five to fifteen feet high. 
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Whitemud Fall This fall occurs where the river is divided into 
offers Favour- many channels by islands. It comprises two parallel 
able Prospects chutes, flowing in distinct channels, whose waters 
unite to form the lower pitch and rapids below. There are two 
parallel portage roads at this fall and the difference of levels between 
the head and foot of the shorter one, which covers practically the total 
descent, shows a fall of 29.8 feet. The distance across the short 
portage is 500 yards but, following the channel, the distance between 
the first and last pitches is 700 yards. Below this chute is a stretch 
of very rough water. The channel in the lower part is 200 yards 
wide, with rocky banks from 40 to 50 feet in height, very steep on 
the west and perpendicular on the east side. 

Ebb-and-flow Rapid is four miles above Whitemud fall, where the 
river is still divided into numerous channels by islands. The descent 
is 9.6 feet in a distance of 2,000 feet. The channel expands at the 
middle of the rapid but narrows to 500 feet at both the head and foot. 
The rocky banks are from 10 to 15 feet high. ) 

Pipestone Fall is situated three miles above the head of Pipestone 
lake, in one of the channels formed by islands. It comprises chutes 
and rough waters, covering a distance of 50 yards and having a 
descent of 8.7 feet. The channel is 200 feet wide, with rocky banks 
from five to ten feet high at the head of the rapid, and from 15 to 20 
feet in height at the foot. 

At two miles, five miles and five and a quarter miles, respectively, 
above Pipestone fall, are small swifts and cascades, having descents 
varying from three-quarters of a foot to one and one-half feet. 

Jackpine Rapid occurs in the east channel, six miles above Pipe- 
stone rapid. The descent is 4.6 feet in 125 yards. The rapid is divided 
into small channels by rocks and, at the head, the total width is 100 
feet. The banks are of granite, from 10 to 20 feet high. There are 
several swifts, with descents of three-quarters of a foot or less between 
Jackpine rapid and The Four chutes. 

The Four Chutes are situated seven miles above Jackpine rapid, 
in the east channel, and have a descent of 4.4 feet in 140 yards. The 
banks are of granite, five feet in height. 

Sea Fall, eighteen miles below Norway House, is in the east chan- 
nel, and has a descent of 5.1 feet in a distance of 50 yards. The gran- 
ite banks are only three or four feet in height. 

The total descent between Playgreen and Cross lakes could be 
utilized by a power-development at the Whisky Jack portage, where 
the whole flow of the river might be used. The head at this point 
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would include all the descents between the head of Sea fall and the 
foot of Pipestone rapid. ‘The sum of the descents in Pipestone fall, 
Jackpine rapid, The Four chutes and Sea fall is 22.8 feet; the descents 
in the intervening short swifts and cascades give an additional 7 feet, 
while the swift current throughout this channel would add another 5 
feet, making a total descent of at least 35 feet from the head to the 
foot of Whisky Jack portage. | 
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Burntwood River 


Burntwood river has its source in Burntwood lake. Carrot port- 
age, about 18 miles below the outlet, is at an eight-foot fall. It is on 
the south side and not far below this the stream enters a rocky gorge, 
in which, at Eagle rapid, is another fall of eight feet. 

The timber near the river is chiefly poplar, but, a short distance 
back, it is Banksian pine and spruce, all of which is very small. Flat- 
hill portage, three miles below Eagle rapid, is situated near a fall of 
ten feet. The granite ledge, which crosses the river here, is seen on 
each side rising in a high ridge 50 feet above the clay terrace. For 
a short distance below Moose portage the valley is not deep, but at 
Clay portage, three miles below Flathill portage, the stream falls 25 
feet into a much deeper channel, which, for six miles, has scarped 
banks. The banks are nearly 40 feet in height and are composed of 
sand and gravel, with a bed of clay on the surface. 


At Driftwood rapid, 17 miles below Clay portage, 

Sacentan tras are two falls of four and five feet, respectively, flow- 
ing over red granite gneiss. A mile below this rapid, 

at Grindstone portage, the river again falls over red gneiss. Four 
miles below Grindstone it turns to the east and four falls occur at inter- 
vals of less than a mile, making a total descent of approximately 40 
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feet. The first is a fall of seven feet, the second of eight feet; the 
third, Leaf rapid, is a descent of eight feet, and the last, Gate rapid, 
of 17 feet. Below Gate rapid, the river enters a deeper valley. The 
banks are composed of sand and clay, and, before Threepoint lake is 
reached, they attain a height of nearly 30 feet. In this intervening 
stretch there are several small rapids. The last rapid, before reach- 
ing the lake, is called Moose-nose rapid, where the channel is con- 
stricted by an outcrop of gneiss. Below this section the channel broad- 
ens and the current is sluggish, except at a few points. 


Farther downstream, the river flows in a valley from 60 to 80 
feet deep, and, before entering Waskwatin lake, becomes sluggish, 
having low banks covered with poplar and willow. At the outlet of 
this lake Waskwatin fall descends 20 feet over gneiss. The portage, 
on the north side, is 220 yards long, crossing a hill covered with soft 
clay. 


Three-quarters of a mile below Waskwatin fall 

Slane aed is Taskimg-up portage, 320 yards long, passing a 

heavy rapid, where the water descends 50 feet over a 

ridge of gneiss. Thence to Opegano lake, the river banks usually 

ascend in easy slopes, although, here and there rugged, rocky cliffs 

overlook the water and ridges of gneiss cross the channel, forming 
rapids. 

For a distance of two miles below Opegano lake, the river flows 
between steep, clay banks, 30 feet or more in height, to Waskatigow 
portage, which is four hundred yards long and passes a rapid with a 
descent of 30 feet. Below this rapid the river has steep, clay-covered 
banks, 60 feet high. One mile below Waskatigow rapid, is Kepuche 
rapid; it has a descent of three feet and flows in a narrow channel 
over a ridge. 

One and one-half miles farther downstream is Wapishtigau fall, 
with a descent of 15 feet, where the stream is crossed by a ridge of 
gneiss. Two miles below this fall, the river expands into Birch lake; 
this is merely a long, wide and sluggish part of the river. 

Two miles below Birch lake, immediately above the mouth of 
Manasan river, is Manasan fall, where a picturesque cataract descends 
about 20 feet over a ridge of gneiss. 
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Grass River 


Cranberry and Elbow lakes form the headwaters of the Grass 
river. Four miles below Elbow lake is a rapid with a descent of 15 
feet; past this, on the west bank, is a portage 160 yards in length. 

Three-quarters of a mile farther downstream is another rapid, 
with a descent of 6 feet. Five miles farther there is a short rapid 
between steep banks of diorite. A mile below this rapid, the river 
expands into a small lake, and, for the next eight miles, flows eastward 
until it empties into the west end of Reed lake. 

A mile below Reed lake is a rapid with a descent of 3 feet, flowing 
over a ridge of massive, reddish granite. 


Situated at the head of Wekusko lake, Wekusko 

Wekusko Fall fall has a total descent of 45 feet, falling over gabbro. 

Wekusko lake, which extends eastward from the foot 

of the fall, is a beautiful expanse of moderately clear water, with 
rugged, rocky shores. 

Two miles below the ORS of Wuskatasko (or Carrot) creek, 
there are three heavy rapids, past the upper two of which are port- 
ages, 90 and 70 yards in length, respectively. 

About 14 miles farther down there are three rapids with falls of 
twelve, fifteen and eight feet, respectively, over gray or reddish gneiss. 
The second and third of these rapids are known to the Indians as 
Kanistota (or the “T'wo’’) rapids. 

For ten miles below Kanistota rapids, the river has a sluggish cur- 
rent flowing between sloping banks of light-gray clay, wooded with 
white and black spruce and Banksian pine. Then come Wapikwachew 
(or White Forest) rapid and, three miles and a half down the stream, 
Stikago (Skunk) rapid. A mile and a half beyond, is Wapishtigau 
(Whitewood) fall, one of the highest on the river, where the water . 
falls 40 feet over a ridge of gneiss. 

For three miles farther, to the mouth of Metishto, the river con- 
tinues to flow with decreasing current, and is interrupted by two 
slight rapids. Thence, to Setting lake, the stream is wide and the 
current is more sluggish. 

At the outlet of Setting lake, Grass river is broken by Golden 
Eagle rapid, which has a descent of 12 feet. Below this rapid, the 
river opens into another small lake, four miles in length. At the 
foot of this lake is Lynx fall, with a descent of 43 feet, passing, first, 
over an abrupt fall, below which is a steep, broken rapid flowing in 
a narrow, rocky channel. 
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Below Lynx fall, the river flows: north-north-eastward for 23 miles 
to the south end of Paint lake; for the greater part of the distance it 
is without appreciable current. Its banks usually rise in easy slopes 
to a height of about 100 feet, and consist of rocky ridges of gneiss 
covered with a shallow deposit of soft, brownish clay without pebbles 
or boulders. The summits and sides of these hills are, as a rule, 
wooded with small poplars, but, close to the banks of the stream, there 
are scattered groves of large white spruce. 


Hayes River 


From a water-power standpoint this river can conveniently be 
divided into three sections: (1) From its mouth to Fox river; (2) 
from the mouth of Fox river to “The Rock,” and (3) above “The 
Rock.” 

In the first-mentioned section, which extends for a distance of 90 
miles above its mouth, the Hayes is quite wide; the current, which is 
much slacker than in the section above, shows a very gradual descent. 
Low banks are common and power development is practically impos- 
sible. 


(2) From the mouth of the Fox to “The Rock,” a distance of 
about 35 miles, is, possibly, the best part of the river for power devel- 
opment, although, in each case, heads would have to be created by 
dams. The total descent observed by aneroid is 285 feet, or an aver- 
age of more than eight feet per mile. The banks, with few interrup- 
tions, are high, and heads of from 30 to 40 feet could easily be created. 
This part of the river has a fairly uniform width of approximately 250 
feet, and, as already stated, the entire head for power development 
would have to be created by dams. However, these could undoubt- 
edly be constructed at several sites, selected after careful surveys. At 
4, 7, 20 and 23 miles below “The Rock,” there are stretches of rough 
water or small rapids; each is from one-quarter to one-half mile long, 
with a descent of from three to four feet. Good sites for dams might 
be found at these rapids. 


The third section, above “The Rock,” is lengthy, but over 75 per 
cent of it consists of lakes. The stretches of river between the differ- 
ent lakes are short and the descent comparatively steep. Un- 
fortunately, most of the different concentrated descents are of less 
than 10 feet and to combine them is not feasible, owing to the low 
banks. 

The discharge of the Hayes river, metered on August 5, 1913, 
at a point four miles below “The Rock,” was 3,265 cubic feet per 
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second. The width at this point was 252 feet, the maximum depth 
seven feet, and the greatest mean velocity in any one section 3°45 
feet per second. 

“The Rock” is the lowest portage on the river, and between it and 
Swampy lake, 35 miles upstream, the descent occurs in short rapids; 
these are not very steep but the current between them is strong. The 
highest rapids and falls are situated at the following points: 

“The Rock’ Fall has a descent of 5:1 feet in 80 yards, flowing over 
solid granite. An island divides the river at this point; each of the 
two channels is 100 feet wide, and the sandy banks are 50 feet in 
height. 

Rapid, one mile above ‘The Rock,’ has a descent of three feet 
in a distance of 200 yards. 

Whitemud Fall, situated three miles above “The Rock,” consists 
of a chute, 50 yards long, with a descent of 4°3 feet, and a shorter 
chute 50 yards above, with a descent of ‘8 foot; the total descent is 
5‘1 feet in a distance of 100 yards. The river is 300 feet wide and 
contains a small, rocky island situated in midstream, at the lower fall. 
The rocky banks are from four to five feet high on the west side and 
ten feet or more on the east. 

Rapid, five miles above “The Rock,” has a descent of 3 feet in 
100 yards. The river is 200 feet wide and the banks four feet high, 
gradually rising in the distance. 

Chute, seventeen and one-half miles above “The Rock,” has a 
descent of 3 feet; below it is a stretch of rapids 300 yards long, with 
an additional drop of 3 feet, giving a total descent of 6 feet. 

Rapid, eighteen miles above “The Rock,” extends over a distance 
of 175 yards and has a descent of 3 feet. 

Rapid, eighteen and one-quarter miles above “The Rock,” has a 
descent of 5 feet in 100 yards. At the foot of this rapid, which falls 
over rock, is a small island. The river is 150 feet wide, with low 
banks, gradually rising to a height of eight or ten feet. 

Rapid, nineteen miles above “The Rock,” has a descent of 4 feet in 
100 yards. The river is 150 feet wide; the banks on the west side are 
four feet high but on the east much lower. 

Rapid, nineteen and one-half miles above “The Rock,” has a descent 
of 5 feet in 400 yards. | 

Rapid, nineteen and three-quarter miles above “The Rock,” has a 
descent of 3 feet in 100 yards. 

Chutes and Rapid, twenty and one-half miles above “The Rock,” 
are passed by two short portages. The lower is at a chute, which 
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has a sheer fall of 5 feet over a ledge of rock, where the river is 
divided into two channels by a small island. Each channel is 100 feet 
wide with banks from two to three feet high. Immediately above 
this is a stretch of 100 yards of smooth water, beyond which rapids, 
having a descent of one foot, extend for 100 yards to the foot of the 
upper portage. The river, in this portion, is 200 feet wide, with banks 
three feet high. The upper chute has a descent of 5 feet, giving a 
total fall of 11 feet within 200 yards. 

Twenty-one and a half miles above “The Rock” is a small chute 
with a fall of 2 feet. 

Rapid, twenty-two miles above “The Rock,” has a descent of 6 
feet in 300 yards; above it is a sharper descent of 4 feet within a dis- 
tance of 80 yards, over a ledge of rock. The total descent of 10 feet 
occurs within a distance of approximately 450 yards, in a part of the 
river where the banks are low. | 


Muskeg Rapid, twenty-three and a half miles above “The Rock,” 
occurs where the river is divided into several channels by islands; it 
has a descent of 8 feet in 300 yards. The rapid flows over a bed of 
rock, with low banks on each side. 

Chute, two and one-half miles above Muskeg rapid, descends 6:8 
feet in 100 yards, and is succeeded by a rapid having a descent of 
3 feet in 150 yards. At the chute the river is divided into several chan- 
nels by islands; the banks are low, rocky and, in many places, swampy. 

Chute, four and one-half miles above Muskeg rapid, has a descent 
of 3 feet in 50 yards. 

Chute, five miles above Muskeg rapid, occurs where the river is 
divided into at least nine channels. The descent is 4 feet in 70 yards. 
The banks are three feet high, rocky and swampy. 

Rapid, five and one-half miles above Muskeg rapid, has a descent 
of 5 feet in 110 yards. At this point also the river is divided into 
several channels. The width of that where the portage is made is 
200 feet ; the banks are very low, rocky and swampy. 

Chute, five and three-quarter miles above Muskeg rapid, has a 
descent of 2 feet over a ledge of rock. One hundred yards below 
the chute a short rapid descends one foot in 25 yards. 

Rapid, six and three-quarter miles above Muskeg rapid, is really 
a succession of small rapids over boulders, extending for a distance 
of one mile. It has a total descent of 8 feet, but the banks are very 
low and marshy. | 

Rapid, eight and one-quarter miles above Muskeg rapid, flows 
over boulders and rock. It has a descent of 2 feet in 100 yards, 
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Rapid, eight and one-half miles above Muskeg rapid, has a descent 
of 2 feet in 50 yards. 

Swampy lake is about four miles above the last rapid. Several 
swifts flow over boulders between the islands in the wide, lake-like 
channel situated immediately below the foot of the lake. None of 
these has an appreciable descent, and the banks are very low, averaging 
about one foot in height. 

Between Swampy lake and Knee lake, there are four rapids of 
importance. 

Yellowmud Rapid, four miles above the head of Swampy lake, has 
a descent of 5 feet in 200 yards. The river is 500 feet wide at the 
head of the rapid, narrowing to 200 feet at the foot, with rocky banks, 
five feet in height. 

Lower Drum Rapid, three-quarters of a mile above the Yellowmud, 
has a descent of 10 feet in 500 yards. It is succeeded, at 100 and 
200 yards below, respectively, by two small rapids, each of which has 
a descent of one foot in 50 yards. The rapid flows over boulders, 
and the river is 250 feet wide; the banks, consisting of boulders and 
soil, are from four to five feet in height. 

Middle Drum Rapid, one and one-quarter miles above the Lower 
Drum, has a descent of 7 feet in 200 yards, but the distance over 
the portage is only 180 yards. The rapid flows over boulders and 
broken rock and is succeeded, at one-half mile and three-quarters of a 
mile, by two small rapids with descents of one and a half feet and one 
foot, respectively. At the larger rapid, the river is 150 feet wide, 
with banks of boulders and soil four to five feet high. 

Upper Drum Rapid, three-quarters,of a mile above the Middle 
Drum rapid, may be divided into two parts. The upper has a descent 
of 9 feet in a distance of 170 yards, and consists of two chutes, 
separated by sluggish water. The lower part is a continuous rapid, 
150 yards long, with an additional descent of 3 feet. The river is 200 
feet wide, with rocky banks five feet high. 

Between Knee lake and Oxford lake, five rapids or falls occur: 

Trout Fall, three miles above Knee lake, has a descent of 10°8 feet 
in 750 feet, but most of the descent is concentrated in a sheer fall. 
The river is divided by two islands; the widest channel is only 75 
feet wide. The banks are very low, both above and below the fall. 

Rapid, one mile above Trout fall, has a descent of 8 feet in 300 
yards. This section of the river contains many islands and the banks 
are very low. 

Rapid, four and three-quarter miles above Trout fall, has a 
descent of 2 feet in 100 yards. The banks, at this point, are only two 
to three feet above water. 


HAYES RIVER—KNIFE RAPID 


HAYES RIVER—TROUT FALL 
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Kuife Rapid, five miles above Trout fall, has a descent of 3 feet 
within 50 yards. One hundred yards above it is another small rapid 
with a descent of 2 feet in 30 yards, giving a total descent of 5 feet in 
180 yards. The banks are very low and swampy. Numerous islands 
divide the river into several channels, the widest of which is 150 feet. 

Rapid, seven miles above Trout fall, has a descent of 2 feet in 100 
yards. The banks here also are very low, and the river is divided 
into many channels. | 

Between Oxford lake and Windy lake, there are four small rapids: 

Rapid and Chute, two and one-half miles above Oxford lake, have 
a descent of 6°5 feet in 100 yards. The river is divided by an island 
and each of the two channels is 50 feet wide. The banks above the 
rapid are very low. 

Rapid, three and one-half miles above Oxford lake, has a descent 
of 2:75 feet in 20 yards. The rapid flows over a ledge of rock and 
the stream is 150 feet wide, with low banks. 


Rapid, four miles above Oxford lake, with a descent of 2 feet in 70 
yards, is similar in other respects to the preceding rapid. 


Rapid, four and one-quarter miles above Oxford lake, with a 
descent of one and a half feet in 70 yards, is otherwise similar to the 
preceding two rapids. 

There are no concentrated descents between Windy and Pine 
lakes but, above Pine lake, four of these may be noted: 


Rapid, three miles above Pine lake, has a descent of 7 feet in 200 
yards. The river is 100 feet wide, containing a rocky island near the 
foot of the rapid. The rocky banks are 75 feet high at the rapid, but 
are too low, on the west side above the rapid, to raise the head 
materially. 

Rapid, seven miles above Pine lake, has a descent of 3 feet. The 
river is 50 feet wide, with rocky banks from 40 to 50 feet high. 

Rapid, eight miles above Pine lake, has a descent of 5 feet in 150 
yards. The river is 150 feet wide; the banks are high and rocky 
on the west side, but only three feet high on the east. While the banks 
above this rapid are very low,.an increased head might be obtained by 
building a dam at a point one-quarter mile below, in a cafion-like 
part of the river, where the current is very swift and the banks high, 
rocky and perpendicular. 


Robinson Fall, seventeen miles above Pine lake, is the most im- 
portant power site on the upper section. Although its position on 
the upper part of the river gives it a smaller flow of water than is 
available at the sites in the lower portion, yet the high head obtain- 
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able at this point counterbalances this disadvantage to a great extent. 
The total descent here is 56 feet, and occurs at a bend in the river. 
The portage road, which cuts across this bend, is three-quarters of a 
mile long but the distance between the head and foot of the fall could 
be shortened. At the head of the fall, the river is 100 feet wide, and 
the natural head of 56 feet could be raised easily by several feet. 

For two or three miles above Robinson fall, the width of the river 
is about 200 feet; the stream then expands, at its extreme head, into 
three narrow lakes, practically continuous. 


CHAPTER VI 


Saskatchewan River* 


The North Saskatchewan and South Saskatchewan rivers, uniting 
at the forks, form the Saskatchewan river, which, after traversing 
part of the provinces of Saskatchewan and Manitoba, empties into 
the north-western part of lake Winnipeg. 

The river between Cedar lake and lake Winnipeg may be described 
in detail as follows: 

Grand rapid occurs in a large bend where the river is about 1,300 
feet wide. It affords good conditions for a development with a head 
of 80 feet. 

Between Red Rock and Grand rapid, the river is from 600 to 900 
feet wide. The banks steadily decrease in height as one ascends the 
river. 

At Red Rock rapid, the total fall is from 7 to 8 feet. The shores 
vary from ten to fifteen feet in height, and rock is visible everywhere. 

A half mile below Cross lake, a barrier ridge of limestone crosses 
the bed, forming a shallow rapid one-half mile in length; this has a 
fall of 7 feet. The stream is divided into three channels by two islands. 
Only the south channel is of any considerable width, and all three are 
very shallow, averaging less than four feet, and only two feet in 
depth on the ledges. Both islands rise to less than five feet above the 
water. They are covered with scrub and hay land and all bear evi- 
dences of being submerged at high water. The main banks are about 
seven or eight feet high, gradually rising from the river to probably 
15 feet in 1,000 feet or more. 

At the inlet of Cross lake it falls over a rocky ridge. The fall in 
this rapid (the Demie-charge) is approximately 7 feet, evenly dis- 
tributed; the width of the stream is 900 feet. The land in the 
immediate vicinity of the rapid is only from two to seven feet above 
the water, and is covered with dense woods, principally spruce, jack- 
pine and poplar. 

At Anchor point, three miles below Flying Post rapid, the rock 
rises vertically to a height of almost 20 feet from the water, and is 35 


*The data for the second half of this chapter were contributed by the Water 
Power branch of the Department of the Interior. 
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feet high a short distance back. On the left a similar rocky ridge is 
observed, extending to the northward. 

One half mile below the Narrows, Flying Post rapid falls 4 feet, 
approximately, in three-quarters of a mile, flowing very swiftly over 
a shallow, rocky bed. 

Cedar lake is nearly 42 miles in length, Vonied from east to 
west; the main portion is from 15 to 20 miles wide. The shores and 
basin are entirely of rock, with the exception of the deposit from 
the Saskatchewan at the upper end. | 

Between the forks and The Pas, the river may be described as 
follows: A long series of shallow rapids begins not far below the 
forks, the last one of which is the Squaw rapid, 125 miles down.* 

Along this portion of its course the river is very winding, and, 
in places, forms great bends. For the first 90 miles it averages about 
1,000 feet in width, flowing through a valley from 150 to 200 feet 
deep and about a mile wide. In general, a high cut bank of sandy 
clay loam faces a low flat sloping up gradually to a bench. Occa- 
sionally the valley narrows to a width of from 2,000 to 3,000 feet. 
In this stretch, the current is swift, with many rapids, the descent 
per mile for the 90 miles averaging about three feet. The river bed 
and the shores are composed of gravel and large boulders but no bed 
rock is exposed. 

In the next 30 miles, the river expands to from 1,300 feet to a 
mile and a half, with many large islands in the channel. The banks 
are very low and flat and no bench is noticeable from the river. The 
current is slower, with few rapids, and the descent per mile is about 
1:2 feet. The bed and banks of the river are composed of light, 
sandy clay loam, which is easily eroded and transported by the cur- 
rent, thus forming sand bars. 

About five miles above Squaw rapid, the banks begin to close in 
again, and a valley similar to that in the first 90 miles below the 
forks appears. Rapids become more numerous while the boulder and 
gravel formation is again seen. In this five miles, the fall averages 
about four feet per mile. 

For the first 90 miles below the forks, the timber is mainly poplar 
and balm of Gilead fir, with some spruce, while below this, and espe- 
cially on the large flats, spruce of good size predominates. 

Immediately below Pasquatina point, 135 miles from the forks, 
is the Sipanok, or the Underground river, as the name implies. This 
channel permits the waters of the Saskatchewan to pass over into the 
Carrot river, and thence back to the main stream at a point situated 


* See Appendix I for descents and power sites. 
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a few miles above The Pas. This new watercourse has opened up 
more each year, cutting out the soft banks, until quite a volume of 
the Saskatchewan water passes through it. During high water a fair- 
sized tug, drawing four feet, has made the trip by this route. 


Four miles below the Sipanok, or 139 miles below the forks, the 
Saskatchewan has overflowed its north bank and formed a junction 
with the Sturgeon-weir river, thence to Cumberland lake. This leaves 
the original ‘river bed practically dry for a distance of more than 50 
miles, to the mouth of the Bigstone river, the first outlet of Cumber- 
land lake. 


From Squaw rapid, the river traverses the entire 
Heavily distance to Cedar lake (225 miles) through an extensive 
Wooded Banks : 
flat region of lake and marsh. Nowhere do the banks 
rise to any considerable height above the water. In most places, lakes 
or marshes are to be found within 100 yards of the river. The banks 
are, for the greater part, heavily wooded. The flood waters overflow 
into a great tract, becoming lost probably 40 or 50 miles from the 
river. During early summer these basins fill up, while, later in 
the year, the flow is reversed, the water finding its way back into 
the main stream. The two-fold function of this area is to act 
(1) as a vast storage basin, regulating the flow of the lower river, and 
(2) as a settling basin. Much of the sediment is deposited here. 
Lakes, which 15 years ago had six feet or more of water in autumn, 
have now less than two feet. The flat, mud shores, exposed to view, 
are strewn with driftwood brought down by the river. 

Valuable timber is found a short distance above The Pas, but 
thence to Cedar lake the growth is stunted; while a dense growth 
occurs around both Cedar and Cross lakes, the timber found below 
this is chiefly second growth. 


The chief characteristic of the rivers that rise in 
Great Variation the Rockies, is the extreme variation between maxi- 
In Flow ibe i : 
mum and minimum discharge—sometimes as great as 
200 to 1—and the sudden rises that occur in these streams. The North 
Saskatchewan and South Saskatchewan receive the greater portion of 
their flow from the mountains and are affected by extremes of tem- 
perature in the high altitudes. In these rivers and in the main Sas- 
katchewan the discharge varies greatly during the year; high water 
and floods, due to warm rains and hot weather in the mountains, 
usually occur during July and August, while the low flow occurs 
during February and March. This also applies to their mountain 
tributaries and consideration of this is a factor of vital importance 
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in designing hydro-electric developments on these streams. At The Pas 
the range between these two periods is ordinarily some 15 feet, which, 
at Grand rapid, is gradually lessened, to from four to five feet, with 
an extreme of some six feet. During the spring break-up, the field 
ice of lake Winnipeg occasionally becomes jammed at the mouth of 
the river, damming the outlet and causing rise at the lake of from 
BZ tO5 40 |’ feet. 

The Saskatchewan is navigable above Grand rapid, the Hudson’s 
Bay Company having at one period operated steamers as far as Ed- 
monton. At present it is navigated by gasolene launches from The 
Pas to Cedar lake, also by steamer from The Pass to Cumberland 
lake. It is accessible by railway at The Pas and also by steamer at 
the mouth. 

With the exception of The Pas, no important settlements are 
found in the lower reaches of the river. A Hudson Bay post is 
situated at Cedar lake, and a small settlement at Grand rapid. 


In 1884 Dr. Otto Klotz made a traverse of the river. 

inde ri In 1909 a reconnaissance survey of the river was made 

from The Pas to lake Winnipeg by E. A. Forward, of 

the Public Works Department. The investigations made by the Water 

Power branch of the Department of the Interior comprise a recon- 

naissance power survey by the late William Ogilvie in 1911, a 

detailed survey by E. B. Patterson of Grand rapid and vicin- 

ity from lake Winnipeg to Cross lake in 1912, and reconnaissance 

survey from Prince Albert to Sipanok channel by C. H. Attwood, 
in 1914. 


Preciptiation.—No complete records of the precipita- 

Soap! ii tion in either the extreme western or eastern portion of 

the basin are available. The following table gives the 

precipitation at various points throughout the central portion, and in 
the Rocky mountains :— 


— 


epi Length of record Depth in 
Period inches 
PEince AIDELE cl he one 17.13 
Saskatoon) l Vase Pee 14.45 
Pcl mCOs si io Livy pions ee LR 16.43 
MIRO V ERA Soils fuel wad hoe Wun ae 11.5 
DAAC sa i Lio v Pe ea le 12.58 
Da See aiite hoc 44s oli «Hee oie he CL 15.17 
PEP er ae ores aie re Ae le 20.3 
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Discharge Measurements.—Float discharge measurements were 
made in 1909 by E. A. Forward at The Pas, and also at Grand rapid. 
These were followed by measurements made by the late William 
Ogilvie, in the year 1911, at Grand rapid. On August 8, 1912, 
a gauging station was established at Grand rapid by the Manitoba 
Hydrometric Survey, and on October 21, of the same year, a second 
station was established at The Pas. A summary of discharges at 
these stations is given on pages 127 and 128. 


Three lakes are situated in the lower portion of the 

ao river system immediately above Grand _ rapid; 

rt the river flows through Cedar and Cross lakes, while 

Moose lake is a tributary to the north. The area of these lakes is as 

follows: Cross lake 39, Cedar lake 425, and Moose lake 513 square 

miles; total, 970 square miles. While storage on these lakes is pos- 

sible, the projected reclamation of low lands in the vicinity of Cedar 

lake, through the lowering of the latter, would forestall storage pos- 

sibilities. Investigation is also being made into the storage pos- 
sibilities in the headwaters of the Saskatchewan river. 

Assuming that the flow of the winter months, from October 1, 
1913, to April 1, 1914, would be similar to that of the same period 
during 1912-1913, mean curve studies show that a storage of 305,000 
million cubic feet would be necessary for a uniform flow of 32,000 
second-feet. A one-foot storage on Cross, Cedar and Moose lakes 
would give approximately 27,000 million cubic feet, indicating that a 
storage of slightly over eleven feet would be necessary. 


An estimate of the power available at the three 
Water-power rapids is given below. The power available has been 
Available . } 

based on an 80 per cent efficiency, and is also com- 

puted,—(1) for an estimated minimum flow of 4,500 second-feet, and 

(2) for a flow of 20,000 second feet, this being the lowest monthly 

mean flow for the six highest months during each of the years 1913, 

1914, and 1915, and the power as indicated refers only to this period. 

No estimate has been made of the additional power available 
during periods of low flow through any storage system :— 


—— 
————_———— 


Estimated horse-power on 80 per cent 


efficiency 
Possible power site Head in feet . Period 6 
4 rat fey highest months 
; vere 20,000 sec.-ft. 
Demi-charge 27,200 


MIU HGOO 66525 ches 27,200 
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The engineers of the Water Power branch and of the Public Works 
Department, are working out a project for power development at 
Grand rapids, which will make proper provision for navigation. While 
the Water Power branch already has considerable topographic and 
hydrographic information regarding this portion of the Saskatchewan 
river, it will be necessary to make further examination on the ground 
before coming to a final decision respecting the method of power and 
canal development. Arrangements are being made for this work at 
an early date. 

The survey by C. H. Attwood, Water Power branch, shows six 
possible power sites between Prince Albert and Sipanok channel. The 
results are summarised below: 


POSSIBLE POWER DEVELOPMENTS—SASKATCHEWAN RIVER 


ta 


| 
Estimated dis- | 
charge in c.f.s. Horse-power 


Power Site Head De- For 8 Mini- 


(miles. below in pend- months Remarks 
Prince Albert) | feet able | Mini- (dis- 

for 8 mum |, charge 

months of 

col. 3) 
1 2 3 4 5 7 
Cole falls Mile 
pa ER OORT Be 28 2,500 | 1,000 6,363 Under construction 

Mile 38 ...... 40 6,500 | 2,400 | 23,640 
Mile 51% ....| 40 6,500 | 2,400 | 23,640 
Mile\70 i.e 55 6,500 | 2,400 | 32,500 
Mile 84 wie 40 6,500 | 2,400 | 23,640 
Mile 101% ... 30 6,500 | 2,400 | 17,725 


Mile 16114 ...| 60 | 6,500 | 2,400 | 35,455 | 13090 | Squaw rapids. 


— SS _— 


SASKATCHEWAN RIVER 127 


MONTHLY DISCHARGE OF SASKATCHEWAN RIVER, NEAR THE 
PAS, MAN. 


(Drainage area 149,500 square miles.) 


Discharge in second-feet 


Maximum | Minimum Mean Per 5 
mile 
1913 
TARAIE Eh PE an ots wa 6,000* .041 
PBB W IE ISS IO lad hula toe, 5,000* .033 
DT oh Go lve es hase: sae anv 6,000* 041 
PGP RULER So ale Li Ratan, 34,200* | .229 
AV aL sos slnasltaneed Why 62,740 44,720 53,186 .355 
CY TRE SO RAR SNe ar A Ul Shee 57,970 44,190 50,346 hah 
TARUMIRE 2c is. kA MOA a eicon: cP aay 63,800 55,850 60,402 .404 
PUERCO CORA IG Soa 5s 2 REI 63,005 54,790 58,084 388 
September (1-28); ose. ede: 55,055 33,060 45,000* | 30 
WCPO EEN. (5s REED <0 0c aa | 25,000* CRT 
1914 
ALSIILAT Tae cies) bin Whe? 8 6,000* .040 
Piette ae ce Aa i 5,000* .034 
PMN (tO II 2.0 OR aE 4,500* .030 
PDP va ies LER a a), SOMERS. 25,000* .167 
Maye oo hind AE OY 2 HES 58,100 41,100 44,400 ai WAST 
Ee he Be RRB AR MR i 54,600 38,800 45,100 .301 
Peles ae GS oss NO. 59,600 54,900 58,394 391 
Fete of LEN Ne RT) RR 7 YES 55,700 27,400 40,400 .270 
Senrenmer. 1.5. a0 Ge cc ee 27,400 23,500 25,210 .169 
DREN ye cele te sic icta ct HORS 23,500 18,500 20,658 .138 
Nowveaipen esis os) oe ae, 25,200 9,600 17,200 wis 
VI CPETIOT Fertil huni one aioe 9,450 6,550 8,700 .058 
1915 
TOU EAR ee eo ke Se NG ey cre 4,500* .030 
Bebenary, (chu cad ns Poe ms els 5,330 4,745 5,163 .034 
De 0 ol Weis MER IO Ne EN RDA LANL LON 5,980 5,213 5,556 037 
POA Ge eta Lae 49,925 5,980 24,583 .164 
Co Ey OUR AE OER DN AEE ME eR EU UTE AO 32,056 17,930 25,069 .168 
1 US ARR IPIT SCCAAIS  aR a US 56,350 35,050 44,904 300 
PALI RIO Cote) ellis 32 2 oy cas inl etS tral 94,328 57,091 79,185 530 
Poke) “gets ke Ae (ARNG ARR RB BU) fled 100,317 80,720 94,697 633 
BEBERMIDEH fo 4 ksi cie Pacacdaisteied xeon 80,330 47,082 65,329 437 
8 SS SR Is PRR MARU RAS 45,624 25,105 34,141 .228 
INGVBINDEE WK ace hai cle tale tails 21,000* .140 
LICCEINIIET Wels ou eacea aes ae 7,000* .047 
‘og Yh CANE RRR UO RE TON 100,317 4,745 32,519 .229 


* Estimated. 


MONTHLY DISCHARGE OF SASKATCHEWAN RIVER, NEAR HEAD 
OF GRAND RAPID, MAN. 


Discharge in second-feet 


Sata Maximum | Minimum Mean 
1912 
[AEE SE RD BP 8 (Dh AMER ANE YR 62,000 47,000 52,000 
EAT Rs Senne eh) CAC ee PU si 66,500 61,250 64,500 
Ree ey. a) Ly, Ls es ee OU a 74,000 39,500 62,750 


November (1-25) ..........+-. SE RD 38,750 ! 23,000 
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MONTHLY DISCHARGE OF SASKATCHEWAN RIVER, NEAR HEAD 
OF GRAND RAPID, MAN.—Continued 


Discharge in second-feet 
Month uA” 


Maximum | Minimum 


1913 
WNEBY. AC 19-8 ls) 5 ca pein eaineaboem baie win ep retains ee 
PELE eS Sui s Sats a RN ea ne Rad er tea 48,500 45,500 
LEE CREE ASI SON (oo 1 MaRT reels 56,000 46,500 
ARS ESE UE aT ole SUR RCPNENn  y . 56,750 54,500 
DENCE MDE GHAR NY Me sowie a ak were metals yolk 53,000 40,400 
Cetaber yi ave eae ales eae Ae Re ees De 39,950 25,100 


November (1-11) 


1914 
EA DA ae ier Leia ce Save ANe ae id RE on tel 48,500 24,700 


24,500 19,250 


ATER sic Ss REA als Be ae Da ae eto ate 


SeOberi Det |.) Mutu vs « + dole Garaie aE an ok 
LoICtobet |). 5).c a ase AHR E AR Ca eke CAG 
Neviemiber (1) (:. 2a Wi as) eee i esha mans ete 
Pevember: ....0e es: si htt ARO beeen A Mie 2 


eee ecerr eer eo ee ese eee eee eee ere eoere see ee eese 


* Estimated. 


CHAPRTER WIT 


North Saskatchewan River and Tributaries 


The North Saskatchewan river traverses the great central prairies 
of western Canada and the southern portion of the wooded country 
between the Rocky mountains and Hudson bay. Rising in the Rocky 
mountains, it has its source in several branches fed by the glaciers of 
the eastern slopes. The head-waters are approximately 350 miles 
west of Edmonton and 1,100 miles west of Prince Albert, measuring 
along the river. 

Leaving the foothills, and entering the plains, the tributaries flow 
rapidly between high clay and gravel banks. Portions of the streams 
are very tortuous. 

For eleven miles below the mouth of the Brazeau, the North 
Saskatchewan continues its northerly course. In this distance, the 
current is very irregular but averages four and one-half miles per 
hour. 

For a distance of ten and one-half miles below Rocky Mountain 
House, the west bank of the river is a low, alluvial flat, overlying 
quartzite gravel, and wooded, in most places, with spruce of fair size. 
The east bank is high in sections, showing escarpments of yellowish, 
coarse-grained sandstone, apparently horizontal. 


meee There is a possible power site at the Rocky rapid, 
Development 75 miles west of Edmonton. In one of the first 
Possible schemes contemplated, the total head would have to 
be created by a dam, as the descent is not very steep. Although 
there is rock underlying the river bed, it is covered to a considerable 
depth with gravel and sand; the rock forming the bank at this point is 
a soft sandstone and resembles cemented sand more than rock. The 
river flows through a wide valley formed by banks from 150 to 200 
feet in height; in many places there are wide bottom lands, most of 
which are well timbered with spruce and poplar. To create a head of 
50 feet a dam 1,800 feet long would be necessary. With an assumed 
low-water flow of 1,400 second-feet, nearly 8,000 theoretical h.p. would 
be available, but it is reported that the cost of development would 
be high. 
9 [129] 
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_ Further investigations in connection with Rocky rapid and vicinity 
have revealed a more favourable power site in township 47, range 
7, west of the fifth meridian, where a dam, 85 feet high, would have 
to be built. The river, for a few miles above and below this site, has 
a very swift current and a fall of about eight feet to the mile, with 
an average width of about 500 feet. The main valley is about 200 
feet deep and nearly one mile wide on the crests. Steep river banks 
on one side generally alternate with low, flat banks on the other. 


At the proposed dam site, a cut bank on the right, composed of 
layers of clay and sandstone, rises very abruptly to a height of 225 
feet. The river channel lies at the foot of the right bank and is 
about 500 feet wide at high water. On the left bank, a flat recedes 


for 700 feet, and then rises in a moderate slope to a height of about 
200. feet. 


The main river, between Edmonton and the junction with the 
South Saskatchewan, 30 miles east of Prince Albert, is a swift, steady 
stream, having a uniform descent and an occasional rapid, flowing over 
a rough boulder bed, between banks of boulder-clay or hard-pan. 
There are, however, no steep pitches in any of the rapids; the greatest 
fall is three and one-half feet in 2,000 and occurs at the Crooked 
rapids, immediately above the forks.* 

At Edmonton, and for 186 miles below, the river is narrow. A 
good channel is found throughout almost this entire distance. 

From Vermilion river to Prince Albert, a distance of 289 miles, 
there are no rapids, but shifting sand-bars are of very frequent occur- 
rence. This section of the river is wide, varying from 1,000 to 4,000 
feet, and contains numerous islands and several channels. 

To obtain a clear idea of conditions in this drainage basin, it is 
necessary to describe the principal characteristics of the different por- 
tions of the area. The basin naturally divides itself into five sections. 


NATURAL DIVISIONS OF DRAINAGE AREA 


The first, or upper division, consists of the eastern slope of the 
Rocky mountains. While this portion of the basin is not the largest in 
area, it supplies the major portion of the drainage. In the glaciers 
and snow of the higher peaks, innumerable small streams rise and 
flow eastward, forming larger streams, which empty into the main 
river. These streams also are fed by the melting snow and by rains 
which fall in the mountains at all seasons of the year. Under these 
conditions the mountainous region frequently discharges a great 


* For more detailed information respecting the rapids of this river see also 
p. 279 and profile facing this page. 
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quantity of water into the streams in a short time. This is especially 
noticeable each spring when the mountains, for the most part bare of 
vegetation, are exposed to the sun, which melts the winter’s snow 
quickly. Floods occur when this warm weather is accompanied by 
rain. The lower slopes of the mountains and the valleys are well 
wooded, and, to a considerable extent, offset the effects of warm wea- 
ther. The streams in this division have a descent of from 20 to 100 
feet per mile. 


Below the mountain section are the foothills, con- 
Well Covered stituting the second, and largest, division of the basin. 
Waar Ones Here the river flows easterly and northerly and is 
joined by numerous streams. ‘The valley is deeper and more clearly 
defined. The country is hilly and rough but not as broken as the 
mountain section. The entire region has a fairly heavy precipitation 
and is well covered with forest. Large tracts of muskeg occur and, 
while they tend to make the drainage uniform, if well saturated, they 
offer less resistance to rapid run-off of heavy rains than bare hill- 
side. The descent of the river in this section is from 5 to 20 feet per 
mile. 


From near Edmonton to the mouth of the Vermilion river, the 
North Saskatchewan flows through a park-like country, with great 
areas of prairie. Few tributaries flow into the river and the drain- 
age area of this third division is small. The valley is well-defined, 
with few flats along the river. The descent is over 114 feet per mile. 

The fourth section, from the Vermilion river to Prince Albert, is 
principally prairie, with occasional stretches wooded with small timber 
and second growth. The valley of the river is much wider and the 
stream itself expands into shallow reaches full of shifting sand-bars. 
Low-lying flats border the river for the greater part of the course. 
The slope of this section is one foot per mile. 

The fifth and last division extends from Prince Albert to the con- 
fluence with the South Saskatchewan. It has a descent of 314 feet 
per mile, occurring in a series of rapids. The valley is not as deep as 
in the two preceding sections, but the river channel is more clearly 
defined. The basin is fairly well timbered and contains very little 
prairie land. 

Below the confluence the main Saskatchewan river is a chain of 
lakes and lagoons, surrounded by low-lying land and muskeg, covered 
with trees. 

In the lower portion of the region traversed by the river the tim- 
ber is chiefly soft wood of small size and of little value for structural 
purposes. 
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The river is normally shallow; near Prince Albert it is from 800 
to 1,200 feet wide, and from 8 to 15 feet deep. In the rapids and 
swifts the shallowest water appears to have a depth of 5 or 6 feet in 
the mid-channel sections. 


The flood season is divided into two distinct per- 

Flood Season iods. The earlier, in April and May, is due to the 

ordinary freshets on the plains and carries the ice out 

of the river; the second, in June and July, results from the melting of 

snow in the foothills and mountains The latter flood is much the 

greater and of longer duration. Occasional abnormal rises bring very 

heavy floods. At Prince Albert the water has risen 20 feet above 
normal level and at Edmonton it has risen 38 feet in a few hours. 

The flow of the North Saskatchewan varies greatly through- 
out the year, although in the autumn and winter months it is nearly 
uniform. From September until March, it gradually decreases in 
volume; the three winter months, January, February and March, com- 
prise the period of lowest water, on account of the frozen condi- 
tion of the whole drainage basin. 

During eight months of the year, a flow of approximately 6,000 
cubic feet per second may be relied on. 

The ordinary maximum flood discharge, occurring in July, appears 
to be about 80,000 cubic feet per second, but on June 28, 1915, a 
flood of 204,500 c.f.s. was recorded at Edmonton. 


Gauge readings on this river have been made at 
Discharge Edmonton for a number of years, during the open 
Measurements : : 
water season. In 1911 regular gauging stations were 
established by the Irrigation branch of the Interior, at Edmonton, 
Battleford and Prince Albert, and later at Rocky Mountain House 
and Rocky Rapids: 


MONTHLY DISCHARGE OF NORTH SASKATCHEWAN RIVER, AT 
EDMONTON, ALTA. 


(Approximate drainage area, 10,700 square miles) 


Discharge in second-feet 


Month 
Maximum | Minimum Mean Per BE lee 
mile 
1911 
IEAM ie ak sire Rae Tae Ie tet 21;759 6,568 9,238 
Ne) ela Ae MPRA A LRG ts DORM Mea 27,930 10,600 17,412 
DEL COR RRA CAEP AU NKOO RAE LL DA ONE 51,442 15,520 28,094 
TERT A a ch Ane te iitis Yomen ale CR a ca 46,692 15,320 24,600 
September Ooo Oa ee ey 18,668 8,024 119502 
COCEODET Io i Mee Genk ola enn Re an 8,024 4,887 6,597 
Novemper (Cl lO ae. cae 4,692 S LOZOU Cuninaiiaees 


December (O-a1) ne une a wars 1,750 1,380 1,638 
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MONTHLY DISCHARGE OF NORTH SASKATCHEWAN RIVER, AT 
EDMONTON, ALTA.—Continued 


Discharge in second-feet 


4 hye Per square 
Maximum | Minimum Mean inits 
1912 
Tp STE Pe RAN NLA a a 1,402 1,164 1,255 .116 
PAUSE) =< 57 ag EOC baa ear Sn 1,436 1232 1,328 ZS 
AS REL nie) Be Nall aD DOR Aa aa 2,620 1,062 1,316 122 
EE eee aves eas 7,700 2,820 4,629 43 
EES UR OIG aa A MGR ERT I AI Aaa 16,200 4,770 11,926 1.10 
Eh On alia Binal ANCA IO PRL gle Ra 35,150 6,180 18,242 1.69 
LL co RA SIRES ERR BA 74,100 15,000 13,900 1.29 
Pes 0 CT A Mie WAR Sad i SODA ER Reva 70,300 13,900 26,444 2.45 
ROLOMIDEN) Sse he ys dee Ceo ted. 23,750 7,350 12,864 1.19 
LAY TAU by i aR ag MN 8,460 5,595 7,162 66 
PROVERIDOE As Lita Mic liar a, 5,595 1,504 3,177 .29 
le yera te Cabot ih De ee aE een Be anne 1,980 1,266 1,680 .156 
1913 
ROE VC hiers bce tar Or Ue ae E200 i 1,210 1,393 .129 
FOCI ee A IU oe ak 1,560 1,230 1,313 By Ws 
SS 0d Wee ake one NEN Di 1,820 1,210 1 Oe 3 ViZZ 
EM ec RNIN Beet AH ita ae 27,000 1,900 8,227 .763 
Ne TY ADR TOA AD RN SU ta 14,800 4,300 9,727 .902 
LEPC, aE ABE SSRN A Bug 29,700 12,100 19,780 1.830 
DEES aN ERIE SR Ye NN 29,700 16,000 21,439 1.990 
BAe e ia eau. ae E 32,600 9,700 18,505 1.720 
MODMeMIDET) . ie su MMOs an ie 15,400 5,700 9,430 875 
Cote) Te. Oakey td ene e 6,100 3,100 4,539 421 
BOW CHO De Gedy tier eral ORNeN Gerson Ue 2,950 1,770 Zook .219 
POCGETIDE THe UU EN RM ie) 1,740 650 1,058 .098 
1914 
UPS gy RUT PRES RR AU 1,450 968 1213 .114 
Heb tiagy tie is ett ite ake Mae 1,100 800 952 .090 
EAE CTIA LN yee weNA moles Sel s AMUN ANER. I 1,300 975 1,134 107 
POPU WAS tere ek HARUN ela 6) Merete 6,570 1,075 2,983 281 
NEAR MORSE CARE RES AL cite Le, 15,000 3,950 9,064 854 
Se SRR SSN 22 AR eR Rc CY 61,740 5,440 24,618 2320 
GUIS ARPS IRS gO ra eau NO! #2 UR 25,620 11,130 18,889 1.780 
OUST CAS aon oy ita chat mera als 14,400 9,110 11,099 1.040 
POP LROIDELT Ginceilets cs nicciwermeanls 4 9870 4,240 6,492 611 
CCE Sait bites ce a ee akira 5,840 3,130 4,558 .429 
RV CIID OE ert freee wily als eae a oman 2,970 2,050 2,473 1200 
PECEMBE EU Wayman 0 ay aowirenl Ca 2,350 700 BO2 ts .104 
1915 
DAIMGRE VPA: Gene Lela Raum a dg. 1,350 1,010 723 UES 
UPA G DE) stay ciel GMM ERM PRR CE 1,120 1,040 1,079 .102 
1A Ee as 1 Rc ate Stk VaR Lh hei 2,420 1,115 1,677 .158 
FANT 04) VR BAe Da OY OS Wag eRe a dae 4,700 ‘2,220 O20 T38 
DG Ol ad ence cl) NN Mae 14,780 3,280 8,373 .788 
Pie ek Ly eee ie ee ey 185,560 17,420 39,272 3.70 
ieee, ole, we nee inden oy 90,200 26.670 42,661 4.02 
Se eT Og). Van eae wate ee teh 33,150 18,260 23,554 ABCs 
BElIEIODEL 1 ce noea canes ce 18,600 6,690 10,294 .969 
NO CM ek SG BEDS it a 8,070 4.450 5,673 534 
GAA OE Vist ve oe nk detached os 4,450 2,230 3,013 284 


Pee eher Ae ek 2.280 1,320 1,716 162 
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MONTHLY DISCHARGE OF NORTH SASKATCHEWAN RIVER, AT 
PRINCE ALBERT, SASK. 


Discharge in second-feet 


sa HT | Maximum | Minimum Mean 
1910 
Bane (22-0) as hiic ioe eee aes ee 23,985 13,148 16,600 
NAN Ta es Pa Ree Be ete ee PRO aie alee i 18,600 12,100 15,346 
AGOISE SENG Pe OUR NRT hay no ee 18,600 10,630 13,904 
Septeniber joy Wes Sane nek Ve aa aie oad 20,100 10,280 12,609 
October: (1) ands 8-300). Saw 07) ea 10,982 6,172 8,120 
1911 
May (B31) Cee ICN vitae i eo eae i 17,020 7,070 9,817 
Pee te ST SRR ol ak UIE 2 a au Ne ll ae 22,000 8,460 14,828 
J TY Whe ae Oe a SNS CO Dal! Cal. A ge 42,200 17,500 25,956 
PRUSSIA Lh a 41,400 18,500 25,682 
September (eae MO Caen tele EN a ay 25,800 10,385 16,438 
Octomer! CLEC hte ay V AU LC Rs cai 10,385 5,380 7,902 
1912 
PAanuary I Ca iON Na Leeman di a 1,576 1,460 1,505 
diss Vials ALUN NEE ce CRT HEARD TORT A 1,610 1,550 1,584 
ODEN ae) It RRR PI ASE a URAL EON MR Rn MO MMRR UY 0 1,610 1,544 1,579 
MAES a. gi a ih RE MS Oe a Ls 18,750 1,584 9,022 
NICO eM eR CE PARRA oe 2 JR 15,964 6,110 11,280 
PRTC Ny eC yA Pio arly ML 32,450 6,704 14,864 
Jaye es Sc a ee aN aaa 69,880 17,800 35,301 
PATROLS EY oc Wr CRAM WR I Gyan aaa net Ai 54,600 19,100 30,044 
DEDLEMIDEE Ins teraee cata len otemtg Cotten Che em 44,360 12,140 22,270¢ 
CELDT ih ORR Ue TNO). bo ae ae 12,180 8,985 10,024 
IND EMIDET (hie iin iene © EIR VL dae, eS 8,635 2,328 4,915 
TIGCEMIBET NC Brel ete fae VMI on chy nit gam AN 2,600 1,790 ro 3 
1913 
As 12 5 RS ADS ROAR UN Sk RR IN 2,675 1,350 1,663 
Preb rary) ay va tke A ONAN Go NA Okan Oe a 1/25 1,375 1,583 
ROE H gd SEG er Marr evan RNTIOUIRN ON WR AMEN UU et 2,500 1,650 1,981 
eat UATE chee a WARN AMIE FO) 2a LA gal Maar A 33/575 2,400 16,330 
DIVER 160 NE fee OPI RUE 2 I ape nO UL OA I 18,600 7,720 12,149 
FU Boe) aa hate iN A ane Gis na a 27,580 13,865 19,042 
Ce ee RU Velie il OE IW ONC Dn a 33,190 21,400 26,186 
ASUS ESE Oia ANT) ea WA SE Oa i a 35,665 17,800 25,096 
September aimee sige ed Ve pal nae | 18,900 9,985 14,576 
Optober ih Nominee Cee Wo RA Ne acl 9,670 3,950 7,114 
Noveniber i yamine lis de raawie, | cov oN ek ia iam 5,125 2,600 3,022 
December (oii mak ae eh, al URES RAO a 2,600 1,375 1,819 
1914 
J Raper yi 12 US eheene vie Gand ae 902i) Rl ce ap ana 1,565 850 1-22} 
Feber eta yi se me aa ata ar eet aa oti Ada Gaara 1,433 1,077 1,191 
ESCH et ess ain eee (0 NR weds ce 1,380 1,229 1,295 
DOU or IL i SIR ey CN EUR TE Lc 15,860 1,402 4,350 
I da SR AMER Dh UNS AWD Oe ae od han RY, APN ate ey 17,978 8,516 13,235 
Re ii CS ENIAC Bm OLY) OE ARR 63,290 8,900 30,347 
IL i aU Sa a ROR Ae Ci EOI OI MR IE 35,650 18,590 29,456 
PVR IISE GN. S fal SUNNY WE Cpe May ale 17,420 11,580 14,550 
POBEGMIDET fi a/V ery aus aOR ep et a a 13,580 6,986 10,304 
Oe; 0) 2h Re ae LOOP A Like hin old RS Cet ieh ale 8,936 6,634 7,763 
NOVEMIDET finn alt dee en hen Mey na 6,539 1,670 | 3,736 
DCCEONIET (i Uaivama mui ahis dee lune emt ee aeRem 3,500 10SQi% 2,008 
1915 
AFR CUEE) 0 20H Cnn Coen URC a de DRAM AIY (REM UL OP, 21505) 1,280) 1,760 
Pepeiaryr de, ole. sc. eisai 1,800 1550s 1,655 
Marea iin teiit DUS cil tte GUGM AiR ol au 2,050 1,570 1,707 
TUtse | amare men pL miata am gun inde: BUN RNC IA OTB 18,500 2200); 9,046 
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MONTHLY DISCHARGE OF NORTH SASKATCHEWAN RIVER, AT 
PRINCE ALBERT, SASK.—Continued 


Discharge in second-feet 


Month 
Maximum | Minimum Mean 
1915—Con. 

Sea ane ER Osea Ls ale iid nied 10,700 4,820 7,003 
UREN IO MUR RCL PO as as, 42,660 9,940 25,023 
LE aes AOS gel A I A I EO A 186,546 33,200 60,224 
OSES Say EES a ASA i OR CoE 36,430 21,850 28,129 
eGR IIDEEL Chen acetone kh, ke eam 24,460 9,150 14,999 
SOT CD SE RIS CARREIRA sia a a a ae Tee 9,190 6,030 7,653 
EVISTA etre Mure ey vale Mise: SiR aside ¢ 6,010 2,620 3,896 
[EOS Ga Ba aa Oe Ae VT GTO a Ge OP 2,880 1,700 2,238 


Notr.—As this stream is fed chiefly from the mountains, it was decided 
not to use the results obtained from the drainage area since ney would be 
misleading. 


MONTHLY DISCHARGE OF NORTH SASKATCHEWAN RIVER, NEAR 
ROCKY MOUNTAIN HOUSE 


Uae. area 4,050 square mules) 


Discharge in second-feet 


Month Maximum | Minimum Mean i ea 

1913 
PED SU | MRR ne Ln aR 17,240 9,150 12,347 3.06 
aR se ie aio ten artis el carats tee ar 21,040 8,300 13,456 3.34 
SFOS he AN Seen RRR EP eh 2 Cu A 22,750 7,330 13,550 3.36 
MCE TEN i fli doll dec vprade athens wes 11,730 4,460 7,417 1.84 
IPS DeL NS inate otertie toe sli 4,810 2,210 3,100 76 
PIOMCEIDER ils DEL ce staceeu eee ak 2,350 1,390 1,892 47 
PCcembere oak BGAN ele Ns le le ales 3,580 830 1,630 40 

1914 
OMI AEN Slats ON Ae ere oak we 920 720 848 $21 
eee UTA CATV ss Se Fiiee 8 ek} drat ah eats ees 830 650 729 18 
CEES al aR ea Rd eR ease 940 800 862 A. 
PAT a Widens thet a ee WOH h OC RE 1,750 900 1,114 Wy 
Ppa ea eh es scinh g ale bur COs dita Se Uae 6,300 1,894 4,104 1.02 
Bat umlere te way inise ol Vaan aah 18,000 4,350 10,808 2.68 
Pre er RP ota Le ae anne ea 16,746 8,640 12,914 3.20 
TIESTO a ac Bd 12,566 7,010 8,916 a 
NRE te te Ca ne 8 ial 7,010 3,090 4,772 1.18 
UNG ih Sa a TER a 4,350 2,280 3,187 79 
PiyvetinGime: sf. este kab ein 4 ee Zo22 1,040 1,753 43 
BVO COTTT Tr Oy Ok 5 es dala hc x ose Gale slalite 955 802 850 vat 

1915 
MATIC Vd AUER Ask Ch ok a8 875 785 833 206 
FOR RRIA EID antec aunmamians Cav, 798 695 751 185 
PERO RUC s Sete ek Ob nase: 847 627 681 .168 
POSE RECO ge SER SPRENGER aoe 1,827 850 1,451 358 
DET YI cis aes neh ane Nosy, « 9,052 2,052 5,934 1.465 
MTR RA tee annane Suite MERCY s 129,700 7,180 22,894 5.653 
eG Tish eet teen amiatG arial 36,325 15,760 22,562 5.571 
SRCORISES oy Will ot eat eM Gea Ss 27,325 13,600 16,753 4.137 
Se MICIIGETS oc Lees Mee et k's « 12,400 4,625 6,964 1.720 
ecbets 524) GAS ie EG, wits 4,925 3,120 3,686 .910 
TpeeNOT oe ci LS cs clad ae ete 3,030 1,340 1,994 .492 
Perrin ee to aka eas 1,435 1,310 1,364 35 


———_—$——$—— oe =" 
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MONTHLY DISCHARGE OF NORTH SASKATCHEWAN RIVER, AT 
ROCKY RAPIDS 


(Drainage area, 8,230 square miles) 


Discharge in second-feet 


t , 


Month Maximum | Minimum Mean Per square 

mile. . 

1915 hae 4 
PARAL Y Ve ns ae UA 1,360 1,100 153: 
| acs OY a6 2 a a Nn eR BRISA LV 1,300 1,100 147. 
1 Re color eGR UA Se TEMES MURIEL Ov is 2,350 1,050 191 
Fat) ot COMMAND TE RAPE SUNUIR Es FL 4,900 2,400 431 
BV We ERC BL UG Ree NHS Kee eal 23,000 3,700 17157 
TURTON DU Menges AG RNR 190,500 19,100 5.292 
A ST A aOR a LER Net VANE AIEEE Ter 4,200 24,860 4.993 
RBIS E ONGC UA) ANAT a ay 42,240 17,780 2.983 
September hoy (ae Mh aaa 21,360 6,800 1°325 
QeLBHEL NON ae AUD 7,625 4,705 .695 
NOVERIBEC ae ui aun 4,570 2,310 Ota 
December nn vere Weise hd 2,320 1,410 .216 


The North Saskatchewan river is regarded as a navigable stream 
between the confluence with the South Saskatchewan and Edmonton. 
It was navigated for many years by the Hudson’s Bay Company’s and 
other steamboats. Navigation usually opens toward the end of May 
or the first of June, in the high-water period, and continues until late 
in August, depending upon the rate at which the water falls to low 
level. 

. A very important hydro-electric plant for the city 
Cole Fall of Prince Albert is now in course of construction on 
Peveoomeat this river, at Cole fall, 26 miles east of that city. The 
plant is situated on secs. 30 and 31, tp. 49, rge. XXII, west second 
meridian, and the development comprises a 30-foot Ambursen 
dam, giving a head of 29°5 feet at low water and 23:5 feet at high 
water ; a lock, 150 feet long and 40 feet wide, is provided at the south . 
end of the dam. The power-house is designed to accommodate 
machinery with a capacity of 7,500 h.p., but the present installation 


will generate only 5,000 h.p., divided into two units of 2,500 hp. 


The transmission line to Prince Albert follows the government » 
road and will be about 28 miles long; 35-foot wooden poles, with fire- 
protected butts, are to be used; the 3-phase current will be trans- 
mitted at 33,000 volts to the receiving-station, on the north side of the 
river, adjoining a proposed auxiliary steam-plant. 


Battle River | 
Battle river is from 50 to 200 feet in width and flows in a very 
tortuous channel. For the greater part of the course, the river is 
at the bottom of a deep and winding valley, although occasionally 


SASKATCHEWAN RIVER—GRAND RAPID 


SASKATCHEWAN RIVER—RED ROCK RAPID 
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it is but little below the level of the surrounding plain. The stream 
issues from Battle lake, 2,294 feet above sea, and flows eastward 
midway between the Red Deer and North Saskatchewan rivers, enter- 
ing the latter one mile and a half below Battleford. From Battle lake, 
for a distance of 40 miles, it flows southeast in the hottom of a straight, 
well-defined valley, which averages one-half mile in width and 100 
feet in depth. 


At the Elbow, it turns N. 55° E., flowing for 19 miles in a gradually 
expanding valley. The river is still very tortuous, with stretches of 
quiet water, separated by short rapids, in which the bottom of the 
channel is covered with pebbles and boulders. At the eleventh base- 
line, the river turns sharply and flows northward for 16 miles to the 
mouth of Iron creek. 

One of the power sites on this river, examined in the interest of 
the municipality of Battleford, is situated six miles above the town. 
A dam, approximately 1,500 feet long, would be necessary to obtain 
a head of 65 feet. However, the cost of construction was considered 
excessive. 

In 1911, a gauging-station was established on this river at Battle- 
ford, Sask., by the Irrigation branch of the Department of the Interior. 
The following is a summary of discharges since that date: 


MONTHLY DISCHARGE OF BATTLE RIVER, AT BATTLEFORD 


(Drainage area, 11,850 square miles) 


Discharge in second-feet 


Maximum | Minimum Mean P oar ea 
1912 | 
BROLIN LAHOU) hie ic os stele ee Goes 31522 908 1,396 .118 
Area Ae: oF Sh PN RAN 842 506 599 .051 
ORC ESE RE OS SINE arte RT RNR Sto 739 496 585 .049 
VON a OMENS Daa aR ae an RI 4,030 555 1,143 .096 
RV OMIST AY iii) AIS soso weete ae ated 2,350 995 1,560 WBZ 
AECL EAD ANOS ON 1,380 990 1,179 .099 
RCO er een er gue, tev 1,003 586 727 .061 
1913 
MRA Oyar ey artic te eR UMC 1 si, 130 20 57 .005 
Penis he cece MSN gees 100 30 58 .005 
Gara ee cco ois eae La Sud Goer AN 150 25 75 .006 
OUT A RRC ROE Oh adi 9 5,736 1,366 3175 268 
“TES RRS RAN ING 0 es eR Ny 1,878 580 990 083 
MALIN Os Natt tenet ny Ln ean 586 330 447 038 
i ae ANE CRE US YS eM , 718 400 512 .043 
CATES TES ENE RRP Creech a ear a Qe 580 320 457 .038 
NES A rR POI AINE 532 420 468 .039 
Meeraner ee kee 220 te Ve ek 460 275 365 .031 
PP TRIE 3h Yo ss, Gc acaias tne es 325 130 194 .016 
omrmrenter lie rer i.e ah ear ak 150 38 101 .008 
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MONTHLY DISCHARGE OF BATTLE RIVER, AT BATTLEFORD.—Con. 


Discharge in second-feet 


die Per square 
Maximum |Minimum Mean fn 


Month 
1914 

PARIATY us ey ie cr ents Pete a ete 39 24 29 .0024 
PePLUAry. icine cawncatie tants imu 24 20 21 .0018 
Marah! Wik aa a bint ao ae 33 20 isd .0019 
BN oy et MRCS a ane ge Maid USR iG i Me a 1,071 o7 446 920376 
IVE a VUE hoist 1,970 805 1,429 Al 

LR Sha eS RCIA SpOURI RS ia Ne RESO HAN REIDY 3,630 760 1,680 .142 

AE AT rR EE Rn a Ny 2,873 790 1,920 162 

AGSUST A Ae phe A aie a hi 770 420 543 .0458 
Senrember ea ieaitich Sete Watmiels 519 351 419 .0345 
OOLOREL Cocos ruc hee mene 760 348 501 .0423 
NGVENT DRE inti tankers as tee 438 167.5 289 .0244 
Dero oben hearst Wael cy OR ei 204 93 164 .014 

1915 

PAMUETYy Teese rune maces 135 89 104 .0088 
Bepeaarys!) eRe R ee cael? Bay 90 64 72 .0061 
PAT Gel ate 2 VR MELAS OMAN GRU RORY MD Gah ASAD A 445 64 150 .0127 
ADEN GRE Satie deme un emert lee ene eas 2,059 290 1,330 +11Z3 
LU EEN uC UMRAO SEAL PU 635 435 498 .0420 
TIS AMO SUR AN B y Bd a 1,585 500 947 .0799 
DA era Aa ee Ne aN gee ae eM ES 2,700.4 1,360 1,962 .1656 
PUTS UST RRR A GRR UE NR ay 2.2951)" 1,225 1,788 .1509 
SEDLOMDOT (11 anita. Baden Se Wats 1,180 . 515 707 .0597 
CEES ES OLN Un Ue Reema: 520 425 459 .0387 
WOVEMDEL CU UTR bea ana) 450 139 225 .0190 
DeECeMbe el OA a ain Ne Mies Bae 150%: 71 102 .0086 


Notrt.—Shifting conditions from June 24 to Sept. 6, 1912. 


Sturgeon River 


The Sturgeon river rises in Isle lake, about 50 miles due west of 
st. Albert, Alta. Isle lake is about eight miles in length and one 
mile in width, and drains approximately 80 square miles. Except 
near the outlet, the banks generally slope up to a height of from 50 
to 100 feet above water-level, the country beyond being fairly level 
but rolling. At the outlet the surrounding country is low and 
marshy. The river channel is narrow and blocked with weeds, and 
the current is very sluggish. 

Leaving Isle lake the Sturgeon river flows for about four miles 
through low, marshy lands, and empties into lake St. Ann. This 
lake 1s approximately 12 miles long, with an average width of about 
2 miles. ‘The Sturgeon flows out of the eastern end of the lake and 
continues in a general easterly direction to St. Albert, a distance of 
about 35 miles. Along its course the land is low, and swampy in many 
places. 
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At St. Albert the river enters Big lake, which is about seven miles 
long and one mile wide. The shores are low and swampy but the 
land beyond rises to an elevation of 100 feet or more above the lake. 
From the east end of Big lake, the river flows for about 30 miles in a 
north-easterly direction. Along this part the banks become steeper, 
the river in places flowing in a valley 100 feet deep and about 600 
feet wide. At Battenburg the stream takes a sharp turn and flows in 
a south-easterly direction, a distance of about 10 miles, to the North 
Saskatchewan river. 

Along the whole course of the Sturgeon river the predominating 
timber is poplar and balm of Gilead. Spruce occurs but not in 
abundance. 

The municipality of Fort Saskatchewan built a hydro-electric plant 
on this river situated six miles from the town. The plant consisted of 
a 250-h.p. unit, and the electrical energy was transmitted at 6,600 volts, 
over a transmission line six miles in fength, to a sub-station, where 
the voltage was stepped down to 2,200 volts through two 75-k.w. trans- 
formers. In 1912 the plant was undermined and destroyed and has 
not been rebuilt. 

Gauging stations have been established on this river by the Irriga- 
tion branch of the Department of the Interior. The following are 
summaries of monthly discharges at St. Albert for 1913, and near 
Fort Saskatchewan for 1914 and 1915: 


MONTHLY DISCHARGE OF THE STURGEON RIVER, AT ST. ALBERT 


(Drainage area, 920 square miles.) 
engren ua ty Shae oe 


Discharge in second-feet 
Month 
| Maximum | Minimum Mean pas 
1913 
BME md Vike he aac 6 ah at 579 460 516 561 
16 FEE AES GR OIE © RRSP Me HTL 447 224 304 330 
CT tte Aches cheb uc «BACHE obits 137 106 114 124 
Dy er ar ahve rs i ods aod cient esd wales. an 242 134 174 .189 
PR RMRUSt sha Vea es aisra's <ags pale Qresshote's 246 228 239 .260 
weptember (3-80) oka ees: Pate, 143 175 .190 
MICRO DETE ti ehh say Mens Sree es oie 142 108 122 viS3 
DVO RIANET Ss theirs wrest ere Stay» 107 80 103 Oe 


POR OCMIOOI cae Aue cadre eee te 67 28 53 .058 


140 COMMISSION OF CONSERVATION 


MONTHLY DISCHARGE OF THE STURGEON RIVER, NEAR FORT 
SASKATCHEWAN 


(Drainage area, 1,330 square miles. ) 


Discharge in second-feet 


Month i 
3 va uare 
| Maximum | Minimum Mean Per sq 


mile 
1914 
PANUAary HOMIE Mer nth ty ean momeagats 46 16 27 .020 
BD PUary Nii Ua Dalene tintang es 38 16 24 .018 
Marching cine cne ian peuuaian ins 49 32 38 .029 
ADL Oct me teat CAINE Gimcerad 380 51 180 135 
AVR ERE UA MMA f 218 86 132 .099 
B RGR a ohh a AAO ORR eI an AON TNT 1,827 86 1,102 .828 
FN aa MAUD MAIREAD AAR INEM MIAN 1 1,450 480 915 .688 
PAVSTISt ONO NL Ua RE Me 432 123 211 .159 
Settenpher hs. Mu wMen sine ces Vina 123 106 117 .088 
CICLO DER Ee ONC Se aM 145 123 139 .104 
INGVGHDOEI AY BM coir eiliieA Cy An a uhh 200° 76 121 .091 
HDecemiber eo MOM alias 84 | 52 169 .052 
1915 

PU Ae YN ee, CEO Tig Raya, a 61 ays 56 Mi .044 
Bepruary ane Re Lio 61 54 58 .044 
PE! CP SRI MTOR AAAS RAR 450 So 90 068 
FAN ES art URE IU FESS RA OU MUON HS AURA 873 180 531 399 
NES TSMC LP Fi Rae a COUR SE RUE RIAN 240 108 156 117 
MUTE a Oe NURI CU AAD ENT LU MINN 1,075 108 697 524 
UO RUE USE SORT ARRAN SS ASAP 1 921 410 663 .499 
PA SUST I GU UNIS Una nN ah! 410 138 216 .162 
September y ua uci 138 110 117 .088 
COCEDDS RAG EE e CU SEO Si cenSK 138 138 138 104 
NOVETIDER (SUNS o nh nN eU Ly Wt 219 114 150 Als 
December ae eh le a 116%; OAV 87 .065 


Brazeau River 


The Brazeau river, one of the chief tributaries of the North Sas- 
katchewan, is a swift stream, rising in Brazeau lake, in the heart of 
the Rocky mountains, near the sources of the North Saskatchewan and 
Athabaska rivers. It flows north-easterly about 50 miles, and thence 
in a general easterly direction to its junction with the North Saskat- 
chewan. Its principal tributaries in the mountain section are Job 
creek and Southesk river ; in the foothill, the North and South branches 
and Nordegg river are the chief tributaries. The flow of the river, like 
all mountain streams, is greatly reduced in winter with floods in sum- 
mer. 

Several miles above Job creek the river flows through a limestone 
cafion about three-quarters of a mile in length, from 100 to 150 feet 
deep, and varying in width from 50 to 150 feet. Toward the lower 
end of this cafion a series of falls have a total descent of 45 feet in a 
distance of approximately 200 feet. With the exception of this cafion, 
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the banks of the river, from a point about two miles below Brazeau 
lake down to near the mouth of the Southesk river, are low, sloping 
up to the base of the mountains which form the sides of the valley as 
far as Southesk river. For a short distance above Southesk river, both 
banks are high. About 300 feet below the Southesk, the Brazeau cuts 
through a sandstone dyke in a short cafion about 300 feet long; the 
right bank is 80 feet and the left 110 feet high. For a distance of 
approximately 1,000 feet below the cafion, both banks are high and 
precipitous. From this point down to Thistle creek, banks are 
alternately high and low, the tortuous stream being broken by series 
of small cascades. Below Thistle creek, the fall of the river is less 
rapid, the current gradually diminishing to the junction with the 
North Saskatchewan. 

Above the Southesk, the drainage basin is covered with a growth 
of small jackpine and spruce, with occasional clumps of large spruce. 
Below the Southesk the surrounding country is thickly strewn with 
fallen timber and covered with a dense growth of small jackpine. 

The following discharges have been observed on the Brazeau 
river: 


DISCHARGE OF THE BRAZEAU RIVER 


Date Location EEN 
1913 i 
LAL RLOT Ae Ra OUI ic tL aE PR SOs Lae a NTE AHI tet eh vero Nt 702 
PSV PLEA oe ane namrne retain, Nomen ach Ned SORA LTS AW) Bw Be eis eo ars) 9 751 
a fet ot aM Rae BES ISAS URL ae AMO GE A ot dl Ue 802 
PHELL TIMELY iO see aod, etme se ais Wari ls gdatane gy Oi) at Outlet of Brazeau lake... 208* 
1914 
PVCU AT VLG ACN ube suk ia caudal seutalec At junction with \ 222 
March 19 20002 IIE] Notth Saskatchewan f'] 383 
CES Dy Ri DR AR Aan Oe ea 2 MAR 14 m. below Brazeau lake... 109 


* May not represent total flow at this point. 


Clearwater River 


The Clearwater, one of the mountain tributaries of the North 
Saskatchewan river, rises in one of the inner ranges of the Rocky 
mountains. Its source is near the headwaters of Pipestone creek, 
which flows south-westward into the Bow river, while the Clearwater 
river takes a north-easterly course. The latter leaves the mountains 
in lat. 51° 57’, long. 115° 42’, and eventually empties into the North 
Saskatchewan near Rocky Mountain House. Through the foot- 
hills, and as far east as the main pack-trail, north from Morley, the 


142 COMMISSION OF CONSERVATION 


banks of the river are reported to be heavily wooded. At the trail 
crossing the south bank is steep and well-timbered with spruce and 
poplar; the northern recedes for nearly a mile as a wide, grassy flat, 
with small pines and poplars scattered over it. 

The Clearwater, at its mouth, is a swift, clear stream, 150 feet 
wide and from fifteen inches to two feet in depth, flowing over a bed 
of rounded, quartzite pebbles. Higher upstream, the channel is divided 
in many places by wide gravel bars, which are submerged during 
high water. 

A gauging station was established on this river near Rocky Moun- 
tain House by the Irrigation branch. The following is a summary 
of discharges at this station for 1914 and 1915: 


MONTHLY DISCHARGE OF THE CLEARWATER RIVER, NEAR 
ROCKY MOUNTAIN HOUSE 


(Drainage area, 850 square miles.) 


Discharge in second-feet 


— 


Month | 


Maximum | Minimum Mean meee 
1914 
gD oN ea Sy ya a ML RU ME 240 128 190 .224 
BOREAL Wee UR Oia e ht 225 160 197 py? 
BI TE ss Gg RAMON COU a 270 150 232 i2ta 
Bat 00 0) BAIA cus RAED AA fei RCE A NI NVI 458 240 449 .528 
1 a aA PO eMC Sie ORD Mai Ia 1,196 324 746 .878 
atte hi Maite so Ne RUE oat en ba 2,280 354 1,376 1.620 
MARL Y Ter ee itieneisic ee uae Mie shy iy 1,915 834 1,406 1.650 
PAT OVISHHEN CCIM nave te tte Wet 1,025 610 783 921 
SEDEENAIIER coun cr anne eke ai 834 465 610 .718 
QOD ET Oa RO aie Ula 850 395 603 .709 
NOVERIDEE NE ROIE ee yes ay ae 535 280 ' 426 501 
Decentber 2, es rue Vey 269 125 185 .218 
1915 
FAUT reo HAL leita 206 160 175 .199 
Bebriaty evan cya ui ine a ie 183 194. .220 
Bi Wao) eM Nan Ett LCT eg NON CU 302 188 248 .282 
Vay 0) a AVANCE ye cea IU SOLAN SRR Sn 450 | 295 359 .407 
UO FEE AU aR ODS OSG SIUIAE Ly UD 2,488 480 1,618 1.84 
PTET Rs ONL i rte ADR eal Ur 39,100 2,164 5,688 6.46 
SUL Fu ee OE A Nae Nh em pe 12,540 3,208 5,881 6.68 
PU GSE Uri GaN enon an 10,024; 2,126 3,180 S26 
DEptember Meare ery Ae meee Poe 2,238 1,230 1,590 1.80 
QCROD EE hide ht walhie tito a ees 1,340 845 1,023 1.16 
INOVERMDER eo lc els ocelot tae 952 621 766 .869 


December ia ee eee 607 305 460 poe 


CHAPTER VIII 


South Saskatchewan River and Tributaries 
except Bow River 


The South Saskatchewan rises in the mountains of south-western 
Alberta. Between the Bow river and Cherry coulée, high, scarped, 
barren banks rise on both sides of the river, and the general level of 
the prairie is nearly 250 feet above the water at the latter point. The 
width of the stream is approximately 1,000 feet. The river is tran- 
quil as far as Medicine Hat, but the valley is narrow, and, in places, 
cafion-like, with banks from 250 to 300 feet in height. Its direction 
in this upper part is east, although at Medicine Hat the course 
changes somewhat abruptly. In this distance of 100 miles the descent 
is nearly two feet per mile, and the current, in time of low water, flows 
at the average rate of two and three-quarter miles per hour, approxi- 
mately. 

For 12 or 15 miles below Medicine Hat, the river follows a rather 
tortuous course, through large clay-flats usually wooded with groves 
of cottonwood. The next section, extending as far as Drowning Man 
ford, is much straighter, while the bordering flats are very narrow. 
To the east of Drowning Man ford, the river enters higher ground; 
the valley landscape, hitherto somewhat monotonous, assumes a 
much more striking character. The sloping, grassy banks, which 
characterize it farther up, are replaced by high, precipitous cliffs of 
bare, gray rock, while the valley narrows until in many places its 
breadth scarcely exceeds that of the stream. The height of the 
plateau above the river is nearly 500 feet. The cafion-like appear- 
ance of the valley prevails for over 30 miles, after which the Cretaceous 
rocks, by which the river-valley has been confined, gradually sink 
béneath the softer, Post-Tertiary deposits. Between the eastern end 
of the cafion and the mouth of the Red Deer river, the valley is about 
one mile and a half wide and 400 feet in depth. Its banks, except 
near the bends of the river, are grassy, and it contains occasional 
wide bottoms, some of which support large groves, principally of 
cottonwood. Below the mouth of the Red Deer, the valley is approxi- 
mately 200 feet deep. 

[143] 
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The valley of the South Saskatchewan, east of the 

Below Mouth mouth of the Red Deer, is of very uniform character 
of Red Deer x ; 

for many miles. It is, as a rule, wide, and contains 

extensive and valuable bottoms, which, especially in the upper part 

of this section, are often well wooded. The grassy banks slope gently 

upward to the prairie level; scarped banks are of rare occurrence. 

The total distance from the mouth of the Red Deer river to the 
“Filbow,” measured in three-mile stretches, is about 180 miles. The 
elevation of the former point is 1,901 feet, and of the latter 1,660 
feet; this gives the river an average descent of 1°3 feet per mile. The 
fall is very evenly distributed and rapids are few but the great num- 
ber of shifting sand-bars, which block the channel for nearly its entire 
length, makes navigation, except in time of high water, a matter of 
extreme difficulty. In some places the river is nearly a mile wide, and 
divides into several streams, separated by wide bars or sandy islands, 
through which it is difficult for even a small boat to find a passage. 

A power site has been surveyed at a point 15 miles below Sas- 
katoon, where a head of 15 feet could be created by building a dam. 
The development project has been abandoned temporarily, probably 
on account of the excessive cost of construction. Gauging stations 
were established at Medicine Hat and Saskatoon by the Irrigation 
branch of the Department of the Interior in 1911. The following is 
a summary of discharges: 


MONTHLY DISCHARGE OF SOUTH SASKATCHEWAN RIVER, AT 
MEDICINE HAT 
(Drainage area, 20,870 square miles.) 


Discharge in second-feet 


= 


Month Maximum | Minimum Mean Per ve nes 
mile 
1911 
NY FrSe cok AAA A SH SOON LAR TTA a ACE 40,140 14,250 32,694 15:57 
CU MR set Ls AORN GIS I IG a a 83,575 13,500 25,825 1.24 
ATA HC Lee ZO Mak henat annette 25,500 13,500 18,545 0.89 
INOVELIDEN ute natu ieee eae eran 7,790 4,360 4.228 0.20 
Decenber ti see Ree cuAS 4,562 790 2,501 0.12 
1912 
ERD ER EE way ROE URDU I IRM NAD An GC Vue 2,166 1,016 1,663 0.08 
PSOTIALEV) Cee eee eee eta one (U 2,504 1,776 2,134 0.10 
March (1-24 sand 27) a 2,940 1,550 1,792 0.09 
PDE OC LOLEO Meier aii ba aa. 7,772 6,252 6,746 0.32 
EAN. COSSE DI te Riles CREAN ee 20,020 6,056 12,887 0.62 
LST ai PADS ALS BRN Ni gt oe 39,815 9,905 19,121 0.92 
1 LEAL itm BURG Ver RAM LMA PEON DK ATE SEC 30,715 18,080 24.513 1.03 
VAIRITSEOS, hie uric a Geiger anna AEN 18,620 10,090 13,292 0.64 
September Mae) Wen te aca ante ie 13,050 6,560 8,698 0.42. 
QCTOD ST rae ei AAD 6,364 5,760 6,065 0.29 
NOVEMmOCE | Outer euace sue ie 5,904 3,000 5,099 0.24 
Wegenipet) Vein. way onan eee ete 3,040 2,056 2,376 0.11 
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MONTHLY DISCHARGE OF SOUTH SASKATCHEWAN RIVER, AT 
MEDICINE HAT .—Continued 


Discharge in second-feet 


Month Maximum | Minimum Mean Fwy sanare 
mile 
1913 
oo UE TIE STR Mm a 2,370 975 1,652 0.079 
PO CLEV VAM eLcn sy uals uncans,. , 2,370 1,640 2,013 0.096 
Hc aR AI Ae SR a . 2,550 1,660 2,059 0.099 
058 7 is AEE A aga a 15,960 2,300 8,977 0.425 
ME a hats Me La alr ee, elena) 32,273 6,422 12,412 0.595 
LTO AR NEA On AS a 34,415 23,195 29,747 1.42 
OP EG A IRE SU a 31,160 10,294 16,907 0.810 
hgh OL SLM EL Ak ESR RR A i a 19,931 8,680 12,260 0.587 
EOTENIDET a le ea kaha et 4 10,442 5,326 7,592 0.364 
Ce a OE Opa DD NS 8,090 ASAE a 5,873 0.281 
MIDE CON iC Ulloa 5,470 2,242 4.647 0.223 
MOST a ts a SAO GR ae cE Wee 4,070 1,920 3.117 0.149 
1914 
oishe Ray @ OW GIA ASU R RRR ER NU eh Ae a ' 3,580 1,480 2,547 0122 
USC CE an ORY OHA RL RR OPN 1,810 1,310 1,577 0.075 
LE AIC a RGEC GS NR RRO er a 6,184 | 1,860 4022 0.193 
COE TY cM G SEC Rs AID ERED is GORE 9,185 2,730 5,754 0.275 
ie SI oh GARE A LC 20,350 6,800 14,679 0.703 
CUI ol PSA RAD Dalek ORO Pn 25,500 13,450 19,831 0.950 
REE MR Guth lh Voie! cvh NRNTU arg nal Ub Ua 19,600 7,220 14,122 0.677 
SSIES AR NA BIR Ur ks SAR A 7,700 5,100 6,590 0.315 
Slat) Mites ei an ODUM Mio aa 5,625 2,420 4,486 0.215 
US oS OS SCR SOON eM Re 12725 4775 7,600 0.364 
DOPED DET Ls.) an eee Ue lass 6,860 4,100 5,556 0:266 
pear ET AShMatst eb SW MRNA SHAR Na NE 4 300 1,120 1,873 0.090 
9 
LEC k 9 NORMA Bo OAR A NSS 2,860 1,720 2,305 110 
PUA GY eI. ci SUeaat in 2,030 1,890 1,982 .095 
WEAR as A a ee ee Aen 16,650 1,820 6,176 296 
TCI CUE T PAE MCLG © Fo LARP RMR DBR 7,830 3,470 5,345 .256 
EAs Ra iene We OILS WUT RONN fl 32,100 5,814 19,354 .927 
Ey CORNER SRR RC 7s UN ARR RUE 84,700 20,162 S2:2/5 1.547 
Weta Se ey su netne chy Lik UG Ma WAT 47 ,896 23,164 32,997 1.581 
PEE Sach Kane) in WN OR Panamera 33,205 10,652 18,470 880 
EHS har aOR OL RE a NOTED DR OSU ONS TA 11,212 6,822 8,815 .422 
CEC aE DS eR DY 8,640 5,656 7,112 341 
(OES Cael a a a Oe 7,830 3,140 4537 BIB Ns 
LUST ve ened GS NOVA eee An ae RE 3,140 1,660 2,378 .114 
MONTHLY DISCHARGE OF SOUTH SASKATCHEWAN RIVER, AT 
SASKATOON 
Discharge in second-feet 
Month -RSUNGRUEAN CL APIA PRGA EHSL REVO APMIS FSR TN 
Maximum | Minimum Mean 
1911 
SC eS Ib Bee i ae Jas) en 24,600 19,350 22,688 
LENSES DONE SA ONE GAIN S08 RS A 43,100 18,250 32,477 
UALS FACET WOUR Bay Eaves AGO. HOS rat 46,600 19,350 27,684 
PODS OPN ASICS RRO WN TO ee 43,800 16,600 23,503 
NS SLES OI ORE TACOS LE OU EY 35,400 11,950 20,357 
MEETS TN ABE NL cl tM NALLR 1. Vac dhe as a Hong 13,400 3,000 8,476 
eS SU Gre UE UD IR ES a a 3,550 1,888 2,434 


OL UN RR a ASIN NTRS 5,450 2,025 3,945 
10 
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MONTHLY DISCHARGE OF SOUTH SASKATCHEWAN RIVER, AT 
SASKATOON.—Continued 


PACU DUR aah eS OE no ee Se A ree eee et eee reer cr cece ee ate a et eee cree eee ee acces on meer essai arta Pua gE TAL LSE 


Discharge in second-feet 


Month oo 
Maximum | Minimum Mean 
1912 
CTY es cg MR I oe ASD RRA SER GRC 2,325 1,350 1,686 
ebrMary. | ia SA GM) San 0S Dea 2,525 ZALZ hee 
Ute cra WER G APOGEE ABIU Me cSt SS SRR RTRs C0 5 2,525 2,000 | 2,304 
AUD ETE. ec eNO ECTS UR Mi Th NG) 0 ie ee 37,300 2,330 14,152 
ee PRI MYO ORG AE AT AIU aol i Si RAI MB Gee 25,000 8,355 14,737 
Fe ee hee CM Bema ei Ga Ob Mane a St tO UNS UN 44,790 12,850 23,204 
OE OS CRRA TE RESIS ae NR AE MYL 50,320 23,380 33,602 
ARE ie oie CUM mL h tip he By unl Rs UAC AOD ane 43,320 15,950 23,681 
September iil ieee ee a aes OO ee 21,550 10,680 16,359 
CCEA BOLE uO URI Gy as 5 haa 10,400 8,530 9,293 
November ap Se AO ern nea Ny ae 9,755 4,140 7,414 
1913 
DEITY Ne Bare ON A Sy SE RN NU RRL gol AMP PE Ga ACH 1,425 1,130 1,247 
Peper ea ee aU aa AIC Lean ale 2,390 1,310 1,981 
NEHRU Ae RL CNM AO RE OAR a 2,520 2,370 2,432 
Yi | NOD IRURN GD. I Soe RNG BUN VE: ge URUMIp ent NOL | 37,950 2,550 15,852 
DU Bet UM NNT ANE RMR) 19,850 7,260 11,937 
NE SYRR TARY SRY RVSIORL A GEM IN ORI ABA es Sa 1 8;230 17,025 32,436 
TG ANUS RR ER RR 7 TUE PRR a Eee IE MRL oC) 42,710 13,690 24,232 
DAUSR SEU ONE Se UMN 2 OHS i 19,500 11,670 14,854 
September. i cane mule! Pan ean a) ANC RMU 11,635 6,960 9,143 
COCEB DOE 5 TREC Ra CN ACOH MIU OL aE Ue Ri Can 8,880 6,630 7,909 
Natio orc aL) apie AIR SOME (OSA Ie,. CS RUA A a C8 12,160 5,080 6,079 
Wecenibe re) yap Oey OR SN SRA da 4,950 2,150 3,702 
1914 
PT ROMIAIY Ph ORE Aa URN ING ie SINE Bi aN a ast 3,250 2,320 2,702 
Peay UO AOR NAN inl MUNRO US Uk ie aR Ee 2,370 1,860 2,130 
SL «ee ERR thy WO as eon ON | Wr 3,630 2,200 3,038 
Fa eI RN SRE OS Ba A AN 9,020 3,620 6,319 
Wy deh RC ONRUR SE gaie CUE RS a) ed ATO AE UM 23,370 7,500 13,876 
FUT UL IR OE MPP SRNR 35,128 16,585 26.375 
TUL AU Reis eR BRIN CHR! CON 3 SRV AMERY TST ee SI 28,752 14,630 22,694 
Fee ARE CE a ee RE ma eR Re ERE 14,160 8,380 9,762 
September a ee icles LEN OL AG SMM 9,550 7,020 7,945 
eg boo ARAMA BOE A NC TO aN 16,382 7,077 10,315 
NOVeOMIDEr cls 0) ML ek SPUR | 13,350 5,300 8,151 
DECORA DEE HE MUO NN TUR Re) A Cat a 7,210 1,570 3,482 
1915 
JRROALV Wee Ae EL PUNO A Cid 4,100 2,500 3,379 
Hebriranyy (aint. wy OR a 08 ga a aa CR aaa, 2,750 2,150 2,345 
INE oth ALE A PAN de A OARS ai ORD EN, 0 5,800 2,700 3,318 
Fe UAL | BOW OMT NRPS OR Bh NT ALCL nn MB ae CGA foa faa 43,880 6,650 13,472 
We SAR AUN RUNYAN Mt ally A MRO BE AAC 34,790 7375 19,813 
TAO Raat COUP RHae ONT ANTE UE EAe (at eC A 48,170 26,505 36,144 
ET PET vier Wate pee a Rare BMMeNe TCE) 2) JUN TAWA NS 111,012 36,390 60,566 
PST SRTOE AA UDSRANOIR EOE A OE RUNNER SE Strat 56,645 20,060 33,704 
Beptembere hey a om Ua Mine TORO iy Saat Er ae 26,355 12,310 16,357 
COCO EH Ae LULA Maik NFL May Mayas GR oh 14,620 10,025 12,714 
INGRREIIDOE (Ub Ra ee tee en ona ed) 0 Ole) ela 9,820 4,200 6,118 
Dee fala? Ae es UU Hea LES ON a 4,800 2,550 3,855 


Notr.—As this stream is fed mainly from the mountains, it was decided not 
to give the discharge per square mile of the area. Such figures would give an 
erroneous idea of the run-off as the mountains form only a small part of the 
whole basin. 
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Swift Current Creek 


Swift Current creek rises on the eastern slope of the Cypress hills 
and flows north-easterly for 75 miles, thence northerly for about 25 
miles to the South Saskatchewan. It flows through a valley, 200 to 
300 feet deep and a mile wide, to within a few miles of its mouth, 
where it enters a sandstone gorge, about five hundred feet deep. The 
bench land above the creek is of rolling prairie, broken by innumer- 
able coulées. The soil is a sandy loam. The tree growth along the 
stream is sparse. 

The mean annual rainfall at the town of Swift Current is about 
fifteen inches. This increases slightly at the stream’s headwaters. 
The greatest precipitation occurs during the months of May, June, 
and July. From November to April the stream is frozen over. 

There are a number of small irrigation ditches in this drainage 
basin, and the town of Swift Current and the Canadian Pacific rail- 
way take water for domestic and industrial purposes from the creek. 

The following are summaries of discharges at two of the gaug- 
ing stations established by the Irrigation branch: 


MONTHLY DISCHARGE OF SWIFT CURRENT CREEK, AT SINCLAIR’S 
RANCH, LOWER STATION 
(Sec. 17, Tp. 10, Rge. XIX, W. 3 M.) (Drainage area, 366 square miles.) 


Discharge in second-feet 
hain Maximum | Minimum Mean Ee ba 
mile 
1910 
REAP AGE Yo a ade Sos Cs Senin 15.5 14.30 14.940 .041 
TPL SAVERY RS Ge eee, eRe Ma 23.16 6.92 14.316 .039 
ERS oak hoses Sis Luly qlwig #94) bent 14.1 2.82 Riova .020 
CE COTE CLE AIS ARGON PERT RTE 10.9 FHS BEA 7.186 .020 
SYS 0), Lee a nS a On 17.0 8.72 12.738 .035 
US 2 RAR CE eR ee a 11 12370 13.790 .038 
1911 
vi E78 ra 28. Se ee 54 24 37.9 .104 
Pat oi, i hold Wire ede al 45 6.6 21.9 .060 
MU RTP ON aie Sa oii 64d HIPS dele 42 4.3 17 .047 
MONSON iat Godel eke any big whe ote 39 4 122 .033 
PLO BEET Lass tetitee y ie orice ts 101 5.3 30 .082 
RICE eE art, tele we OND erm aner 44 17 2OuG .07 
1912 
Peery OS 1) ald secede ee 134 51 80 .218 
Mtr ghey SPS CGE arts Oe anes 147 8.5 39.4 .108 
PE vos ANE ele eee a 38 8.5 16.9 .046 
PAGE Fah LS ty ick «daha ake Wales 12.3 7.1 10.2 .028 
OES AS Dae eye) > S\te 17.1 10.9 ee | 041 
ec sls an het cae attic 32 15:2 23.6 .064 
Novemper (1-15) si... 0.6 ads ot | 38 28 aoue .092 
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MONTHLY DISCHARGE OF SWIFT CURRENT CREEK, AT SINCLAIR'S 
RANCH, LOWER STATION.—Continued 


| Discharge in second-feet 
Month X i 


‘ a Per 
| Maximum | Minimum Mean ea 


mile 
1913 
ADEE CALA LS On 234.0 32.0 40.3 .110 
1 aS eT COMO En au WANS AMC TTS REN 41.0 20.0 30.7 .083 
PARSON UC OMS DEN CORER SUS RU EA 45.0 10.0 21.9 .060 
TREE OE Oe et GT RA nA 22.0 4.8 ry .032 
PRR SUSE GOR EMEC NS DAMME Ria LS 7.5 3.6 pal .014 
PEP LCHIDRN eo Menu ce intial eRe Qn UNA 19.1 4.1 8.0 .022 
COC LCA NU YUN VAL URNA EO LO i WaPo | 8.6 tS .036 
1914 

oi FERRY SPR Cae A PN 210.0 30.00 102.00 .280 
AE ASG G Shae A gi AI Pe AAR 37 .0 12.80 22.00 .060 
0a 50) UR IMSS A GRA AME AL NST COR 45.0 $.80\. 1.86 .050 
PRUE RIMAGE CO MUN thks SOL AN AUST IS 11.9 .40 2.90 .008 
UTILS ECU Mura UCN Una tus ase ge Ne 4.9 Nib 1.08 .003 
SSPE DS Oy BL CNC NORM a 64.0 oe OED 14.10 .038 
Nhe VAN NLM ARtU CHUA ANU RUS AIAN 94.0 7.60 33 .00 .091 
DEAT CHC LEAS Ly ue ie Ne OHI Make 418 273 350 .956 
POEM ite walls Lea O RNa Au iui ate 215 28 83 WAH 
EI CEU Cra Hae AcE Nae oLaTeMPU Oy 276 24 52 .143 
UE ey AN ANGE RS ASRS AIA AN NB ut 139 a2 64 ui Bs 
ELT asi) ed Pa AWRN Wuerl Ub iis EN oc ae OL 290 17 44 .120 
Ye NE ae y UINR CAME SACHEM EAR eSNG AL 16)" 7 9 .026 
BEDESIIDER aay WoC gk Sy RRMA 26 7 16 .043 
COCR) UTE Ui AUN S KAN UN Wa aL hs 43 15 28 .076 


MONTHLY DISCHARGE OF SWIFT CURRENT CREEK, AT SWIFT 
CURRENT, SASK. 


(Drainage area, 1,015 square miles) 
Discharge in second-feet 
Month 
Maximum | Minimum Mean Per sqtittk 
mile 
1910 
RU res). Cie ee Rens RERUN St) 76 .037 
BEF so A AMR IN 1) SCO EL LD 36 .021 
PS SUT IRIS i Snn a ay aly 36 .015 
Pass iy APR PADEN DCCC OL SEAL ER NO een 23 .008 
September ti Meena iui mn 33 .018 
OCEO DED LU Ve Rey RE Cua 34 .014 
1911 

Mare 27a) )) ane LM i Mu: 600 491 
POT OCU HMMS ant VQ Dt 896 421 
LYS AN EUR SRAM AR VAMC 117 .075 
Shay SAT NRA BADR EMIT ARDS OLN ERAS ISuGI Lad 79 .039 
TIES dR ROMP VRE ROMERO'S 2 BOON a IM eg As SY 62 .027 
PRL 566, AO ON UU OEE UROAK 34 .016 
Senrenrber su. ieumn ey cdcden eel 137 .048 
CCEA DOE UM PERCE TCA SUR Ma a 46 031 


SOUTH SASKATCHEWAN RIVER AND TRIBUTARIES 


149 


MONTHLY DISCHARGE OF SWIFT CURRENT CREEK, AT SWIFT 


Month 


1912 
April (21-30) 


eee e ere eeo ete Fee eesrererese ese eee 


oe eee ee ee eee eee ee 


@) Bs el fei eye Re! ©)':6) 10) .6)'S-\8\ eleiie (ai [hl /e eleva lie ey 6 
eee ee oe eee ee eet Heese oeaeeoe 
ee 
eet eee eee seers ee te oeanse 


November* 

December* 
1913 

April (9-30) 


eee ees etre eevee eee eee esos ee 2 © 


ones eer oer re eee sees eee 


ecere eee oe eee ecw seer 
ee) 


August 
September 
October 
1914 
January 
February 


eer eee ee eet Fee eeee ee ose oe 


oc ® * eee ee ewes ee FF FH OO ew 
oct e eer ee eee eee er et Foose 


eoeoete eee FF eer ees ee eese ee 


esoee cee ee eee eee eee se eee 


oeoese ee ore ese ees esre eevee 
eocece ores ee soo ere eee ee eee ere 


eecreer eee se ees eee eweeneer ee ee oe 


August 
September 
October 
November 
December 
1915 
January 
February 


eevee esc eee ee eee eee ere se eee 
oor eee eee eee eee eres ese 
coe eee eee ee ree eoe eer eee 
eee eee eee te ose eeeres oe 


eoeoere eer eo ere eee ee eH eee 


eeceeeer eso eee eee ee ese eeees 


eoovr eee eee eee ee oe eo oo oo 
SVS ba a) OO wile Hee 6.08 16) 'B eo La) mii eye) O) Oh 8) Oh ie, 


September 
October 
November 
PI BCONIDET Ne ah aie ee eA Bien 


Ce 


CC ee ee 


© 91d 40,18) 6)/ 'Btemay ee © (Oe) e ie! e/a) wale 


CURRENT, SASK.—Continued 


Maximum 


RO bo 
(Oe aed 


tw W 


— 
Ww Oc meNINY 


WO DSDOSTOARNSCOSDOAD Oo% 


Discharge in second-feet 


Minimum | Mean 


255 
136.4 
O13 


Per square 
mile 


.031 
022 
O11 


* Figures during ice conditions (Nov. 15 to Dec. 31 ) are only estimates. 


Red Deer River 


The Red Deer river rises in one of the interior ranges of the 
Rocky mountains, in lat. 51° 30’, long. 116° W., near a branch of 
Pipestone creek, which flows southward into Bow river. It leaves the 
mountains in lat. 51° 43’, long. 115° 23’ W., and flows easterly 
through the foothills, reaching the crossing of the Stoney pack-trail, 
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slightly to the east of long. 115° W. Here it is a stream of clear, 
blue water, 200 feet wide and two feet deep, flowing over a bed of 
quartzite pebbles and boulders. Immediately below the ford, it turns 
sharply to the north, following the west side of a high, sandstone 
ridge, and is bordered on the west by a strip of bench land, one-half 
mile wide, and partly covered with fallen timber. 

Near the mouth of Raven river it turns eastward; thence to the 
mouth of Little Red Deer, the river is winding and very swift. It is 
bordered alternately by scarped, sandstone banks and wide, gravel 
flats, in some cases open and grassy, in others heavily timbered with 
large spruce. The descent in this distance is approximately 200 feet, 
or 15 feet per mile. 

From the mouth of the Little Red Deer, the Red Deer flows east 
for one mile and a half, when it is joined from the north by the 
Medicine river. One of the roughest rapids occurs in this portion of 
its course. | | 

Below the mouth of Medicine river, it becomes much deeper and 
has a steadier current, with few rapids. 

From the town of Red Deer to the mouth of Blindman river, a 
distance, by water, of eight and one-half miles, the river is very 
tortuous. The banks are 150 feet in height, abrupt and scarped on 
the outer sides of the bends, but, on the opposite sides, receding from 
the edge of the stream to fine, alluvial flats, partly wooded with an 
irregular growth of poplar and willow. | it 

Three power-sites have been investigated in the 
BON i cl vicinity of the town of Red Deer. Although this section 
of the river has no concentrated descents, other natural 
conditions aid power development, either by diverting or by damming 
the river to create a head. The first of these sites is opposite the town, 
where a head of 15 feet could be obtained. The second site is situ- 
ated eight miles below the town, measured along the river, but only 
six miles in a straight line; here a head of 25 feet could be obtained by 
diversion across one of the long bends of the river. The third site 
is 13 miles below the town, following the river, but only seven miles 
in a straight line. The river could be dammed at this point, creating 
a head. of :25 ‘feet. 

An examination by the Water Power branch demonstrated the possi- 
bility of :ombining the second and third sites, thus obtaining a head 
of 100 feet. Owing to the low winter flow, however, it is not economi- 
cally feasible. 

A fourth site, some three or four miles above the town, is not 
considered feasible of development. 

At the mouth of the Blindman, the Red Deer turns abruptly and 
flows southeast for 14 miles. It cuts through the high ridge to the 
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east of Red Deer in what is locally known as the ‘“Cafion,” in which 
the banks are high and steep, though not always scarped. Below 
the “Cafion” the valley expands; grassy slopes extend to the water’s 
edge on the north side but the south side continues thickly wooded. 
From the end of this stretch, the river flows eastward for six miles 
between low and sloping banks. 

From Red Deer to Tail creek, the outlet of Buffalo lake, the river 
has a strong current, with numerous short rapids, and an average 
descent of 514 feet per mile. 

From the mouth of Tail creek to the mouth of Rosebud river, the 
Red Deer has an average descent of 3 feet per mile, exclusive of 
its minor flexures. It has a current of two and a quarter miles per hour 
and a mean depth of three feet; the channel is so obstructed by con- 
stantly shifting sand-bars that it cannot be considered in any sense 
navigable. 

The valley of the Red Deer is wide and deep, while the banks are 
rough and broken by numerous deep coulées draining into the river. 
Near the source the basin is well-timbered, and a fair growth of tim- 
ber is found along its banks for some distance through the prairie. 

A gauging station was established at Red Deer in the month of 
December, 1911, by the Irrigation branch. Two discharge measure- 
ments were taken in that month. One, on the 2nd, gave 638 second- 
feet, and another, on the 14th and 15th, 545 second-feet. The fol- 
lowing are the subsequent observations at this station: 


MONTHLY DISCHARGE OF RED DEER RIVER, AT RED DEER, ALTA. 
(Drainage area, 4,500 square miles) 


Discharge in second-feet 
ey Maximum | Minimum Mean Per it ey 
mile 
1912 
Nbr AT ETS SECA DOA ue MC a ALI) 264 222 238 .053 
POD EGZE Mut ee ia ie oy 313 248 274 .061 
NEALE LS) Ako aloe aes weed od 1,425 246 401 .089 
HEPAT DY EB ated Ce RG Ue ana Sa 2,698 1,290 1,919 .427 
NEY Meee ec dee eu ehkaa gah Gees bc ble 7,040 1,705 3,954 .879 
AS PORCINE UN DY PAN 13,532 1,450 3,953 .879 
TRL DIE Bay AERA ACR Ag AR SEEN pe ge 19,043 3,232 10,091 2.24 
POUTTESEY 3 OU aad Ra ia L a! i 7,010 3,340 4,985 ReTth 
SENLORINEL 14 Le ae ee ak 8,744 2,908 4,532 1.005 
BY ony Up a PaLageO Mee Oe sk ce Le 4,353 1,585 2,721 .605 
PVGVOMIDER Natl cietecicee te elles 1,765 560 1,290 287 
december ty Vokes 867 434 545 121 
1913 

1 ERLICCY & RIOR RG AER NBN NRL AG SEO RS 436 373 417 .093 
Bretentar ys es a eRe es, 431 360 396 .088 
Rilarei es Wie ie beet spake tes wade Y 440 370 410 .091 
AE nT MNES LAD RRS ER By {at RR REED 10,236 460 3,887 .864 
pS UR es be aia Bu cpr 9,477 1,262 4,101 .912 
PIES: alee hins 5 coach: ser Re Hetibe ht 13,500 2,648 4,946 1.097 


AL gl ta REAR a (uk i 11,960 3,251 5,242 1.164 
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MONTHLY DISCHARGE OF RED DEER RIVER, AT RED DEER, ALTA 
Continued 


— ee ——————————— 


Discharge in second-feet 


rae Maximum | Minimum Mean Per square 
mile 

1913—Con. 
POS USEY eto ante eg aN EWN aay 5,482 2,153 3,284 .730 
SSOLEMIDE RN LANG OLN RL 2,944 1,280} 1,787 .397 
CCLODET eee Dyn tenner E 1,441 900 1:228 ‘272 
INDV GRIDER We Wok Ce kosaeee cunt 1,080 585 825 .183 
DAC ember ee NOR Ue haa Sr an 555 105 327 .073 

1914 
PATS H LY GGA ye RHE RNG Nea 309 195 278 .062 
Pehla ry cles CLOML si sunt 330 270 298 .066 
WERE CH errr ela Lig ac nana it a. 425 338 380 084 
PABEDAN SOMO IRC CC NA Has 2,266 390 902 200 
(ahh EA aA RPA SARS AL) IU EMIOU ps RAE Ae LAINE 2,815 1,110 1,908 424 
Ree CORREIA EA UNE ga AA DU ME SB 5,559 1,300 3,669 815 
DE Dh RENUS PAE ANUL CME AMEE MAD Mag RL 3,294 1,424 2,351 1522 
PAS a tg USNR SUE a. TAG RE CLUE UATE 4 1,544 1,120 1,309 .291 
SROLEMDEH Na ition at we eae e 1,350 996 1,098 .244 
CEEGHEE HE ON SE Cy 2,698 1,005 1,439 .320 
INGMEMIDER Wisrauidlie iin tule ty 996 715 783 he4 
PISCEMIDOE MAL UMenin ek ele ones ice a See 690 200 328 .073 

1915 
aniary ites outs ESSA ORC TRA E 330 240 278 .062 
Leys Sat EE: ap GARNER CPU Te HRC EO 280 260 271 .060 
Heol ARO has AAR OA AA 1,560 285 606 135 
PVG D I CRA mine BUN A MAR MN 1,870 920 1.251 278 
NES AOR ORES AMC SDN DTN 7,040 Li/5 4,457 990 
RETO AU UG AUPE NCW ue ante y A 56,000 4,692 12,308 2.740 
AGES ANGORA CATA BERL A DENY RC) TRE 46,200 6,072 16,748 3.720 
ANIUBEN SW ORNL Aya aiciat 30,775 4,490 8,118 1.800 
September yee Ow LAN ey 5,116 3,266 3,954 .879 
October WN uN RIL NG OORL uleetis 4,243 2,208 2,934 .652 
INOVERIDOR aN LI AN Aah cunloys 21222 565 1,195 .266 


December eye weeny elie 615 465 520 .116 


Blindinan River 


The Blindman river rises in the foothills, about 50 miles northwest 
of the town of Red Deer. Below the confluence of the East and West 
branches, it flows in the same valley for two miles and a half, and 
then, although the valley continues, the stream leaves it and, cut- 
ting a narrow gorge through the high ridge to the west, enters an- 
other valley. Thence to the mouth of Gull creek, it flows in a winding 
channel, 40 feet in width and from 10 to 20 feet below the level of 
the flat. Gull creek carries the discharge of Gull lake, a body of clear 
water, 11 miles long and four miles wide, situated only three miles to 
the east of the main stream. Below Gull creek the river flows almost 
due south, for a distance of four miles, in a channel from 20 to 30 feet 
deep. The valley is marked only by wide slopes stretching toward 
the east and the west. The river then turns eastward, and flows for 
14 miles through a deep, narrow valley; it joins the Red Deer a few 
miles below the town of Red Deer. 
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The following discharges of this river have been recorded by the 
Irrigation branch of the Department of the Interior: 


DISCHARGES OF THE BLINDMAN RIVER, AT BLACKFALDS, ALTA. 


Discharge in Discharge in 


Date second-feet Date second-feet 

1913 1914 ; 
DEO I oe icin occ 860 DATEREISE iL Void ce eecc oy 41.0 
DEA Oe es ee. UN, 113 September 1s apo, 95.0 
Ales Unies ball Wh Loy b 116 PELEMDEN (CO Mii aie de 68.0 
FEE ee ir ea Windle 8 Yas OCtODeE V7 ite de ee 94.0 
ROU URUK MIC a 247 November! 200. agony 25.0 
DAE UO Aiisyd Sule us iabl <\ 1,374 December Ginga simi ain 24.0 
LES oS OE a 102 1915 
PRISE Or eles Nl. te 70 Bebruaty, Gi Sasa hb 11.04 
Wmerich ZO ei! 408 Pepruary i 27s ld 9.1 
September 6 ......... 102 SEE RS OA EN AAI 135 
September 26 ........ 71 ADT EA eel at Wak 122 
(OTe Ne ORO ee OED 67 PA Be EE en SIRO St AGN 178 
Wecemper a7 Sees cick 17 LO eee ASS CLE MANOA 96 
December 29 ......... 10 ES A OL ED OT cy 697 

1914 (MG PG Ua 758 
OTA N UE i) si a) de deslte b CARN, OAR irae aS ae MCD MP Gt et 102 
ARIAT 20K hited Oyo SH 13.8 September ye 88 
Panesar 25) (iii ial’, 22.0 Septeniber: 24 eyiinuwe ysis 148 
DER COU dio at) sulle!) 24.0 N08 Uo 6] 8 AN a CNG A HN 141 
Pye VAN Ps Ua A Mtg RM eae 178.0 LOSLODERN ES ye aN ne 123 
URL OEM ae itiie' Cube tie 166.0 December! 4 iwi ae Ge 30 
POOR Ta ie iia 'y «see 59.0 December: 30 iii. vines a sana 32 


The town of Lacombe has constructed a hydro- 
electric plant near the mouth of this river. The instal- 
lation consists of a 35-inch turbine, operating under 
a head of 30 feet and driving a 150-k.w. generator. The electrical 
energy is generated at 6,600 volts, three phase, 60 cycles, and is trans- 
mitted eight miles over a three-conductor transmission line, to Lacombe. 
The sub-station equipment consists of three 30-k.w. transformers, 
stepping the voltage down from 6,600 to 2,300 volts. It is stated that 
the flow of the river is very irregular, and becomes insufficient to 
operate the plant between the months of October and March. To 
conserve the water, a small dam was built at the outlet of Gull lake 
but, owing to the nature of the outlet and to the attitude of the far- 
mers with respect to its control, very little, if any, benefit is derived 
therefrom. The town has also an auxiliary steam-plant of 60-k.w. 
capacity. It is the intention of the municipality to build a new power 
dam and to increase the capacity of the steam auxiliary plant by 
100 k.w. ) 


Hydro-Electric 
Development 


Oldman River 
Oldman river, one of the principal tributaries of the South Saskat- 
chewan* river, is formed by the union of numerous small streams which 
*By a recent decision of the Geographic Board, the name Oldman is 


applied to the main stream from the confluence with the Belly, downstream to 
its junction with the Bow. 
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originate in the mountains. The more important of these are the 
Livingstone, Dutch creek, Racehorse creek, Crowsnest, Southfork, 
Belly, St. Mary and Little Bow rivers. It drains an area of approxi- 
mately 9,424 square miles, varying in character from mountainous dis- 
tricts to rolling prairie. 

‘The Gap,’ situated near the mouth of Racehorse creek, is a narrow, 
rugged gorge crossing the Livingstone range. Its course follows a 
double curve, somewhat in the shape of the letter S, and is one mile 
and a half in length. The flow is very rapid in this part of the 
course, but shows no abrupt descent. 

The section of the foothill belt through which the upper branches 
of the Oldman river flow is densely wooded along the base of the 
mountains and contains occasional prairie valleys. The bed of the 
river, consisting of rock and gravel, has a steep descent, with conse- 
quent swift water, interspersed with falls and rapids, but it changes to 
quicksand and mud in the prairie region where the current is more 
sluggish. 

Between the mouth of the Livingstone and the Gap, a distance of 
16 miles, the Oldman descends about 900 feet; between the mouth 
of Dutch creek and the Gap, a distance of five miles, the descent is 
approximately 212 feet. Below the Gap the descent continues fairly 
steep; in the 35 miles from this point to the mouth of the Crowsnest 
river, the fall is about 800 feet. Below the mouth of Pincher creek, 
the descent gradually becomes less marked. In the 29 miles between 
the mouth of Pincher creek and Macleod the fall is 285 feet, and thence 
to the junction with the Belly river, a distance of 24 miles, the river 
descends only 144 feet. 

The Irrigation branch of the Department of the Interior established 
gauging stations on this river near Cowley, in 1908, and at Lethbridge 
in 1911. The following is a summary of the discharges since that year: 


MONTHLY DISCHARGE OF OLDMAN RIVER, NEAR COWLEY, ALTA. 
(Drainage area, 820 square miles.) 


Discharge in second-feet 


eins Maximum | Minimum Mean Ft Se 
1908 
TUMENCES ROO) ir ya's Maen panier 2,990 1,500 2,167 2.64 
Raat a eine Culone Tk aaa 1,500 460 956 AE 
D635 Ne RP UL eS Na eM 460 225 311 0.38 
SOPLCM DEH) 0/0. lise ha a ram 225 170 186 0.23 
Cet aber edie ii uk lian he MON 225 170 181 0.22 
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MONTHLY DISCHARGE OF OLDMAN RIVER, NEAR COWLEY, ALTA. 


Month 


RE he Lettres ghee lace sale ihe ad's « 
ee Mea) ee ese SOD Cs oe 
eT ete sy clei a stella» x! 4 
ERIE Chet. ok a dc ell vis 
ee ere ee Ne hoe ay 


1910 
OS ie a | RO en 


COGS I ep EM Ce 
I ut Sake NORD i aR a 
Con Sek Uh Us SE tee le 
ao AES A Ee 2 Ae el 


1911 
DR ee dx rate, ss 64 9: ate 'a ass 
BI BY i, g) dare cL wl chi w MEMES 5h bie 


RENAE eT sO aun (in 5h len yay 
ee ER. Fic dema dee ik hime hs ss 
CPOTODETE ous. bet: Bits al eee 2 
POV ORE ss GE ites cle od vs eal visi’ 
POBCOUNDE CC. oe lel ou olka & pate a oll 


1912 
PRE eh eR tere Say Gti sc 
Pier i eS OR Aa ae 
SEES PSO) PREG cle RE OR OS 
Ree Ra hate ne aiken ts 


oe Tt REE Se ORE REO 
POTS elie eed es tet wena 
RC CAA, ete pte ete ss bc sch us « 
HOSS OU NS Avg 
ECR ee 85 NEN tg EWR TIEN 
1913 
ee eo tata Nets eee eae nk aia 
PIRI hee ees ir ED 


Maximum 


4,690 
8,285 
2,020 
1,680 
310 
200 


1,760 
1,058 
548 


2,381 
2,245 


-—Continued 


Discharge in second-feet 


Minimum 


265 
Boce 
662 


Mean 


1,433 
3,386 
1,381 
682 
Vyas 
178 


1,250 
826 
323 
191 
213 
324 
274 


97.2 
117 
110 
369 

1,262 
aUa4 
565 
809 
996 
371 
266 
182 


84.4 
85.4 
87.6 
540.0 
826 
3,058 
1,079 
557 
250 
Fes 
204 
147 


112 
116 
104 
714 
1,709 
1,720 


Per square 
mile 
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MONTHLY DISCHARGE OF OLDMAN RIVER, NEAR COWLEY, ALTA. 


—Continued 


Discharge in second-feet 


Month 
Maximum | Minimum Mean Tunas 

1913—Con. 
bE GUUS EDAURRSE AO Role SCN aN 1,446 458 601 0.733 
APIA E ce OUI WA OUTRUN 1,074 331 548 0.668 
September (.iuieew aes wee ememuin. 2 450 255 333 0.406 
LUN Yotv ss 3 aOR UA MATOS Net DOOR ADIN S TNR Mon 316 245 283 0.345 
NOveHreben yy eee Regen ak 297 180 255 0.311 
Mecetaben ii. se. We RC i 185 160 176 0.214 

1914 
PAtEOR Ey Canis Seiten Wiehe 160 86 P22 tS 
Pebrgaryy ao Ge se 98 85 90 WS a 
DUET 7 « MALLU SAI NRO ES RNAS TENE 142 84 97 (ag 
Belt yt UNUSRIMAUGRDSS DL ey eT ag) EA 695 133 372 45 
CS SOC AMIE GAUSS GRRE ANNU Kg ALLA 1,960 455 1,346 1.64 
Docc OO asin IDNE OR we unaRt i, OLN ENUM 2,016 840 12/5 M55 
AER sd SUIS EET EO COON RUE St 1,005 290 605 74 
POUR Us RHINOS Wea UNLOCK TL! be 490 205 270 No 
DOOERMAETNG Mme ON Re aiaie allay 290 164 202 20) 
AV CODON lias ik ead Motte le hued Wie Sebi 1,038 200 449 he 
Movernmer (re Oe ely 448 254 375 .46 
LRECEMI DEL SU ee UN Re wel alganG 280 127 155 19 

1915 
Ura Lic} og URURPR SSI a MUU EP EOIN) Bt EME 203 101 172 i215 
BeOCU ary he Mie vii ciate ela mee eal 147 55) 106 Vase 
1S HN as 9 AREER MODI Ee 191 52 105 131 
Fs NA ae AR GSR TR RRR SCNT 855 207 494 .618 
Fy EE ih eH BMC aL AR RAE Ona) NTR a4 CI 2,992 1,379 2,306 2.882 
NR eu et tut RULER AO SPN NMRA GNI AQ DME 4,350 1,365 2,450 3.100 
PEN A siete ARN i SSSR REM SE OE SN NR 2,658 756 1,341 1.676 
PNET) AUTRE Au SAUD 1,407 426 693 .866 
SEPCEMDEH Worse er co iakah etal je ne 499 360 401 .501 
PO Yel ifo oot a MAM RARER BUSTA Ea ACES RS 485 365 407 .509 
NOVEMBER ls CMT 464 180 S22 .402 
DE ceMADEN) ie ss. ovale nralb ies 196 110 149 . 186: 


MONTHLY DISCHARGE OF OLDMAN RIVER, NEAR LETHBRIDGE, 
ALTA. 
(Drainage area, 6,764 square miles.) 


Discharge in second-feet 


aah Maximum | Minimum Mean Per ae bt 
mile 
1911 
SeEPte MDE hes ie eleiagu UNO y 22,050 2,125 8,788 1.30 
DOES ET re eyes ice mia NIL rath 4,350 1,912 2,836 42 
INOVEMDER EO m mio G ARN TMM 2,500 y oe dhe An De be 32 
DCCOMTOL The oie: VACA uae Re 1,912 1,412 1,672 Wy 
1912 
TES ce 20 gy GUD a BAe cade OWT An 990 930 964 14 
Layo gb 9 gy MOV SL RU RUA USSU Sea SU 987 753 896 We 
1 UE gol AMHR RIE Cet ANIC URE day ag a 6,554 708 1,806 12y 
Vays «aU URE UO AUUAN hy ROMO SEA! 4,890 2,250 3,610 .54 
ESET, UMM VARNES Pane Ne HPD uN NE COUN ha 12,970 5,602 7,886 1.17 


EAE a hoRvAliMinee a dU Web CAA MMR ADS ALIN 14,810 6,375 7,883 ea 
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MONTHLY DISCHARGE OF OLDMAN RIVER, NEAR LETHBRIDGE, 
ALTA.—Continued 


SALE SELLS IIE LS OTE IG LILES RL TE LEE LITLE OE TAL VIL OO Te TENS LE PEELS LD OE ELLY EEE IIL TT TT ATE 


Discharge in second-feet 
Month ] 
Maximum | Minimum Mean Per square 
mile 

1912—Con. . 
FOL esi Sy tA EE COMMIS ABAD a had aide 8,110 4,910 6,792 1.01 
Ne ECL Oe ROE AO ROE GD dy 5,010 1,675 2,953 44 
SSPUERI DON iy MIU BAN yo 1,898 1,430 1,625 24 
SOOM Cee cee aa eater ek Onl’, 2,018 1,322 1,636 24 
at Lara ALS a SD Sy 2,280 1,367 1,856 Wea 
PMT oii gees serge oe ialy 860 460 618 09 
PO ere 2am TU UG A ae Co deg 460 380 412 .06 
Be an gala dit ase ivim pas. «/4 + 600 418 451 .07 
PAE eee il ho aettoely 8,450 800 5,114 76 
BAR VaR me CON UR UNI 24,940 4,405 9,384 1.39 
IY UM Uti: Ail uScly crane sai 23,090 9,736 15,795 Fame Nd 
LACT GOL eae a Ot nA RN 12,920 3,760 6,087 .90 
PURSE ett Ae ohn Sas We Cbd i sled 5,783 2325 3,487 v2 
Se RCTIDE DR Co a are ure na Cis g 2,618 1,383 1,952 .29 
A tS. gla AS Ue 2,744 ° 1,383 CANA 131 
IMOMERIDEE tie aa oui ee yg 2,188 1,230 1,786 .26 
POCO RH iy kis Sede alaitiy aie aaly 1,428 300 904 On 

1914 
CLETUS alle CON Se SIMA pa gE Ge 740 602 671 .099 
PODER ciel oie we ne en eee elie 840 560 622 .092 
ENS) MIO HOON a A A AMNESIA SO 1,484 290 Liege .166 
BPEL RUNGE AT LAE 0 a VAN RN kM 5,691 1,460 3,412 .505 
Des DOAN cians te a at etaahe alle 11,680 4,880 8,606 1.270 
UEC ow LUDOY CELSO SST Met AL le 12,324 5,592 7,928 1.170 
TES Sal) Ce UU BIE OR gE S ALT ae ara 5,795 1,824 3,799 .562 
MASEL CRIN RE CM as Ue Sa) a a eg S112 1,120 1,923 284 
SEDLOMDED roe ae ec iaiig piace aah nls 2,482 1,219 1,616 .239 
LES TS OS Ae Re LA UA RAGS 7,935 1,788 3,999 .591 
Rica tan OTA gic siie alah sye ape a a alae 3,896 1,680 2,995 443 
PYECR ADOT Th cis oa erent e Nese vunrelaaie 2,040 704 1,094 .162 

1915 
TICES gn ROA AL SON eee en Gt 1,283 645 916 AHS 9 
LOTS CEs tind SRR CAREER USNR A 766 690 ips .107 
1a VALUE ORD SOU IRA Ue BSA Ae iN 6,160 642 1,962 .290 
oO) OER OUEST GMS SRN, ARR a a Ma 5,401 1,730 3,475 .514 
ES PE a MAIN REN AAR 4 DR LH NR Se 14,798 4,280 10,500 12552 
URL RAEN AT emer uae Phare ate lace 22,100 8,990 14,438 2.135 
Hath Pease ae Gaal) WEEN 15,680 5,907 9,165 1.300 
PPT AG Soe SNE Re NIGEL Se SST 8,672 2,824 5,107 W759 
Menrenber (an ea ee rena unaine ols 4,778 2712 3,316 .490 
DOO Der WR, aicatas eMail Gh 4,240 2,880 3,591 Loo) 
PISVOMIDOLY 24 auc Caran tenn ota iaye 3,158 1,080 2,095 .310 
POECEMIORE eit, oe soa Cee 1,073 876 984 145 


St. Mary River 


The upper valley of the St. Mary river is well defined. It is one- 
half mile wide, consisting of rolling slopes (open prairie with no 
timber) ; the river cuts through it at an average depth of 140 feet. 
The water is cold and free from silt. From the southeast quarter 
of section 23 to the northwest corner of section 25, township 1, range 
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XXX, the river flows through a cafion, 150 feet in depth. The bot- 
tom is of solid sandstone, visible nearly everywhere. The banks con- 
sist of layers of sandstone and hard clay. In the upper portion of 
the river valley, as far as the international boundary, there are, 
alternately, flats and cut-banks 50 to 100 feet high. 

The Alberta Railway and Irrigation Co. has water rights on this 
river. The head-gates of its canal are at Kimball, five miles north of 
the international boundary, and the company already has hundreds of 
miles of ditch constructed for the irrigation of land surrounding Leth- 
bridge. 

There is a possible power-site on the upper St. 

hia asleyaE Mary at section 23, township 1, range XXV, where a 

head could be created by a dam 140 feet high. It is 

stated, however, that an effective head of 238 feet and a more econ- 

omical development could be obtained by diversion, from a point 

near the boundary line, through a canal and pipe line to a point situ- 

ated above the intake of the Alberta Railway and Irrigation Company, 
a distance of seven miles. 

However, the above scheme may not be feasible, as, in the gen- 
eral scheme for irrigation in Southern Alberta, the Irrigation branch 
contemplates the construction of a dam on the St. Mary river to divert 
the peak of the summer flood to the Mary lakes. The proposed dam 
is to be built in section 9, township 1, range XXV, west 4th meridian. 
and will be 105 feet high. In the event of the flow being regulated 
to suit the irrigation interests, a regulated flow of 1,000 c.f.s. would 
be available for seven months. For the remaining five months 
100 c.f.s. is about the maximum flow that could be depended upon, 
since, while the average minimum flow of the St. Mary river is 200 
c.f.s., the irrigation interests would, in all probability, exercise their 
right to one-half of the flow of the stream and store 100 c.f.s. With 
1,000 c.f.s. and 105 foot head it is possible to develop 9,500 h.p. for 
seven months, and, for the remaining five months, with 100 c.f.s., 950 
h.p. could be developed. As the water in this case is chiefly used for 
irrigation, and as its control is subject to the International Joint Com- 
mission, special power regulations are practically impossible. | 

The Boundary Waters treaty, 1910, provided that the St. Mary and 
Milk rivers and their tributaries in Montana, Alberta and Saskat- 
chewan “are to be treated as one stream for the purposes of irrigation 
and power and the waters thereof shall be apportioned equally” be- 
tween Canada and the United States. This provision was inserted to 
protect the citizens of the two countries who depend upon irrigation 
to produce crops. ‘The two streams are treated as one inasmuch as 
the United States has diverted part of the waters of the St. Mary to 
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the Milk river, thus permitting the irrigation of large areas in its por- 
tion of the Milk River basin. 

Canadian interests offered the below suggestion for apportionment 
of the waters of the St. Mary and Milk rivers: 


ee OOOO 


Canada United States 


Acre-feet Acre-feet 


500,290 | St. Mary river up to a maximum flow of 2,000 
second-feet, May to October, inclusive......... 
AZ 0001 | Stuwiary river ‘below A. R! & 1) intake'..0. 000); 


St. Mary river from November to April, inclusive. 131,662 
St. Mary river—peaks of over 2,000 second-feet, 
PAGO HOW Fie SURIMEL ie eS Ca CLG ey 103,500 
Maer river at master (Crossings). 02 RCA Neo! 100,000 
335,162 
Less delivered at A. R. & L.,, intake on Milk river 76,400 
ES RMU NR IO SR ar at Ae A Dh 258,762*t 


20,000* | Milk river at A. R. & I. Co.’s intake—during floods 

76,400t | Milk river at A. R. & I. Co.’s intake—-St. Mary or 
ITN HAVEL WARE OLS ute aay a UUney Rina many os Bi ile 

136,000 | Northern tributaries of Milk river—stored or di- 
verted by Canada. 


DMS PASEO) DM hte: | esis als ati hee ements a Ae a! 54,000 
Milk river and tributaries below Eastern Crossing 
Up Tove umasanie \or Vandalia ays oaavaiils 350,000 
DG elow i Matmaalia jaa ls day lng nen ua naire! ade 72,000t 
804,690 | 734,762 


On the lower St. Mary a good power site is available at section 24, 
township 6, range XXIII. The dam could be about 90 feet in height 
but very little water would be available during the irrigation season, 
as almost all of the flow is diverted for this purpose above this site. 

A gauging station has been established on this river at Kimball, 
Alta., and discharge measurements taken by the Irrigation branch of 
the Department of the Interior. The station is above the intake of the 
Alberta Railway and Irrigation Company and measures the flow from 
a drainage area of 472 square miles. Records from this station are 
available only since 1909. Prior to 1909, the United States Geological 
Survey maintained a gauging station near Cardston, a short distance 
above Kimball, where the drainage area is 452 square miles. The fol- 
lowing is a summary of discharges at these stations: 


Notrt.—The difference between the total quantities is a low estimate of the 
value of the Canadian prior appropriation on St. Mary river as compared with 
the United States prior appropriation on the Milk river. 

*Estimated capacity of A. R. and I. Co’s. Milk River canal. 


tThese amounts are not at present considered available for irrigation but 
possibly for power. 


*t Mr. Newell has stated that about 200,000 acre-feet will be required by 
the United States. 
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MONTHLY DISCHARGE OF ST. MARY RIVER, NEAR CARDSTON, 
ALTA. 


(Drainage area, 452 square miles) 


Discharge in second-feet 


Month 
Maximum | Minimum | Mean heaters 

1907 ay 
EL e FY a eh AOU A NIA IN A UM | 150 0.332 
Pepraa ryt es oweauiee ea aul 200 443 
ACN sR OA OE RAAB ME gD STP AR 150 332 
PERL GO A A MOULIN Lola Saray 685 225 489 1.08 
ee aD ARMOR MEN GC CASAS AUR 3,490 590 1,930 4.27 
RAEN NAR Oe CGA UUMUcAA Gey tA Wai 5,620 3,260 4,260 9.42 
Lr eR PORES. AGIA RUN PP RA SU HL 4,830 2,010 3,120 6.90 
AF eg) CORO RE UR Og DUM IN 2,010 830 1,330 2.94 
September ieee ais aib meta Pe Ny 1,330 1,080 1,210 2.68 
0 Yes dart pied RRA RGA CR IAIN ASN a UO 1,040 365 567 1.25 
Moweriber Uitte iia aL 365 174 244 .542 
TDSC MMPS LT iy cis ea evollar cepa na ieleasalie 157 347 

ee eae Cah Ne ean 5,620 1,150 2.54 

1908 
UES 7 Ee aye ARN SR ONEIRL EN Gey RNAS 50 0.111 
THERCHACH Tlie cnc ete Aine einibrareleue aise at : 100 i221 
beh my 6 RIMS Og ON SE aa A 225 498 
PDE Lea CORI AGUA SUSUR ch Ub 1,860 225 844 1.87 
AS AE SRR CUO NCC SEN MAR 3,720 1,340 2,490 betes | 
FECT RS re ROO GEN RUC 18,000 2,700 6,390 14.1 
ORE ADAG ARN RTCA RUIN 3,050 1,180 2,490 SiS 
UNCER 4 91-1 ARRAN FAUet St AMEN A VA Sr A RE 1,180 4 785 1.74 
September UCU ge hy 510 425 462 1302 
COCRODER ea rad aol HM i 660 365 485 1.07 
NOVEMBER oe ian aa eaeecl 528 410 472 1.04 
December hie es. es TN 125 tare 

Ee Vean ees Cele whee 1,240 2.79 


*Tce conditions and discharge estimated January to March and December 
15-31, 1907. 


+ Ice conditions and discharge estimated. 


MONTHLY DISCHARGE OF ST. MARY RIVER, AT KIMBALL, ALTA. 
(Drainage area, 472 square miles.) 


Discharge in second-feet 


Month Maximum | Minimum Mean Per ah ori 
mile 
1909 . 

PROTA HC 2O-GO Pieiren slate ate chute glans 575 MM aon 505 1.078 
15 ih SERPS NRE SOAR MAG 4,380 290 1,906 4.039 
PRIS rea ae eR A aii RIC Ly 7,280 3,415 5,646 11.961 
NL ERO ACR ER HOT PERRO Ua 6,167 1,820 3,096 6.560 
PARTASE ye NO RECON LMR nn 3,510 760 1,466 3.107 
September iu wwii lay Ge 815 480 645 1.366 
CHEOUER UL isu eu Mo luu Deis 565 307 453 0.960 


November (1-20) 1) ie ies Qecue. 870 340 683 1.447 
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MONTHLY DISCHARGE OF ST. MARY RIVER, AT KIMBALL, ALTA. 
. —Continued 


Discharge in second-feet 


Month Maximum Minimum Mean co So ea 
1910 
1) bt Lach FoR a Ley a 2,450 500 1,068 2.26 
EPR eS Wa. ea! so 2,820 1,505 2,206 4.67 
EP 0 LIU aE Ea aA 2,985 1,520 2,208 4.68 
DS tha ECA a a 1,655 750 1,176 2.49 
Fo ST On iG 775 345 562 1.19 
PIEDRETHIIOR NIUE. cles soa e pie els 740 335 544 1.15 
ROE ile ie ale cig e's Wee whee 1,655 705 1,114 2.36 
BUI OE Oil ieiga ecto clas 0" 910 495 711 1.50 
1911 
AS Ag SY TE A 220 194 210 0.44 
BOATS NMC id yikes MING Vee 214 167 189 0.40 
hole alr CCG Sat RN BOS A RURG Rae tA 360 131 196 0.41 
oO ROR ea a a 1,188 250 527 Hp A 
EL AY CLIC DSR at a 3,839 1,074 2,070 4.38 
Te ERY Go TORE SRR Ores 1 Rc 4,391 2,388 3,651 7.74 
ERE MORN cicigh 5 lb de giaw edie 2,714 1,284 1,783 Cis 
PRESEN ONE ME UU tN! RE SN 1,420 684 1,044 2021 
MO OEADON tie acc kee ee ee ateelels 2,080 684 1,377 2.92 
SBE CME let es cad wld eee be a. seh 1,030 390 676 1.43 
PVR ET Cree are GIR ele asai 405 286 334 0.70 
ie 127 Uae a es MeO 308 128 190 0.40 
1912 
RRL Ve eevee ei argl cc MmIRN Lc Ie 208 128 171 0.362 
CaP TC Wy hy AD RAN OTA A a 174 130 138 0.292 
A Cg SRR AE I a AM SS AI 131 129 130 0.275 
Heh atah OV ARCA OS RE MR SAR Nea 700 169 493 1.04 
RR Coe sath cles aie kee 3,330 700 1,966 4.16 
PC SCE RO CARINE Gin ERE AOAC Ee aa eR 2,810 1,895 2,295 4.86 
1 PLE RCE OE ae Raa ae RA 2,200 1,238 1,644 3.48 
PE MISE NAS UMC IE Ln SO ue 1,262 600 882 1.87 
Tra a a 620 365 547 1.16 
Pe oe Ha A RB a GR RN AAS 532 320 423 0.896 
POCRERTAOT LS SA yo aia n 570. |: 413 496 1.05 
OR Teg UR GOAN A a 382 174 246 0.521 
1913 
PAUSE Oe eee ee alae lew dy 202 95 158 0.335 
PRGA Pein tL aliig elo a tonite 6 146 101 129 0.273 
IEC OUEST AEAD A 226 135 191 0.405 
POMP YU aie rod” a phatase ie pak | 1,240 238 749 1.587 
SADE MG TEU AT GEN a UO A 5,260 902 1,912 4.051 
DTD Po ery a) COPE) AON Som iia Le 5,380 3,240 4,519 9.574 
MLN on Ciel awe Gio ere a ane bys 3,620 1,340 2,024 4.288 
Soa Cy 1 NO RR ES MONIC YAO BA RU 1,690 830 1,162 2.462 
POTENT 2 ohio oy nie Nie a melbleiea dis 816 372 542 1.148 
CREEL WS. CAA aetiis eaves BO Ne 576 364 448 0.949 
DSR DAT) Lok Felten enh be ks 416 266 371 0.786 
MPMI UE stig cso te hans aie Seats oe ane 312 78 190 0.403 


eg 
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MONTHLY DISCHARGE OF ST. MARY RIVER, AT KIMBALL, ALTA. 
—Continued 


Discharge in second-feet 


Month 
Maximum | Minimum Mean © Kelas 
1914 
Pama Ry! co aD Biss on ecm ee 25 77 128 0.271 
Hebevary li wwauneu cence euiet sss 130 70 101 214 
Mare i Ae ecole ate chee 248 98 184 0.390 
AEM Nau aS aetna MWe aaee ps, 1,129 265 637 1.350 
Deva A eae ese ee Lee ech enl 2,834 1,092 2,230 4.725 
UE TIM UCRMREL A, ORAL ACNE UR SIE UE a a 3,120 1,742 2,501 4.939 
ALLS RAR Cees glited We 1,98 840 1,433 3.036 
PUTER Es KC Ween cic va sino Getta Shale*. 840 543 719 1.523 
oye} 2 EL bso SRE RUE aE AE Re A 818 410 584 i Whe Fy 
CWICEOMEE Mon mena eee ane ctl aU by 1,255 671 840 1.780 
NOVERIDET) CAG ecko Caddies vaes 6 1,012 375 713 1.510 
ns ache AN os RNR GL A Ns Gt MEE 485 183 259 0.549 
VES ea get NUR, eSB GD 186 149 168 .356 
CD OUAL NEN rae Ue nila eiatelei's « 148 93 117 .248 
fs oe ARRON PS AS or 265 108 157 333 
in 9 PF SOMME VIDS cai ASIA TA Pe 1,018 212 575 1.220 
Eg) UNOS cg UI Ree os ee 2,215 1,270 1,645 3.490 
ALL) ae See SN aD STS 2,670 1,461 2,251 4.770 
UN Be SAE T 1t 6 eRe 2,514 1,240 WY pe 3.648 
Pattee OP Mey te, Wy Ud 1,360 1,360 | 969 2.053 
SE DESHI OE hug he tell asia cas ie ig a see 1,694 1,694 842 1.784 
ENDER CAG ee hd iy Si pe 810 810°, 579 L 2er 
DURA T Ue UN ravage apiece ot 464 464 | 405 .858 
PIGCORIOEE WAU etc is Gk ea ecw e ys 347 347 243 2515 
Lee Creek 


Lee creek, a tributary of the St. Mary river, becomes a torrent 
at certain seasons; it receives its flow principally from the precipita- 
tion of the northern slope of Chief mountain. Its general direction is 
northeast. A possible power-site is available at Cardston, Alta., with 
intake at the “Cafion,” four miles distant. A head of approximately 
127 feet could be obtained, but the power available would be small and 
the development cost per horse-power high. A gauging station was 
established on this creek at Cardston by the Irrigation branch of the 
Department of the Interior in 1909. The following is a summary of 
discharges since that year: 


SOUTH SASKATCHEWAN RIVER AND TRIBUTARIES 163 


MONTHLY DISCHARGE OF LEE CREEK, AT CARDSTON,* ALTA. 
(Drainage area, 118 square miles.) 


Discharge in second-feet 


Month Maximum | Minimum Mean Per ik est 
mile 
1909 
(REESE Yc Ge 198.0 198.0 198.0 
O20) Bed ik a OY clave 230.0 48.0 120.7 1.02 
PS CL HSL) His avin ce ok ae Ss ae 23.0 35.9 .30 
merEeInDeT gual ek eu uibe. 39.0 10.0 19.7 . 167 
SE Seo Me DB A VN Bp | baS 3 7.0 10.1 .085 
Plovemmber LSI) oe ee Oe. 1625 7.0 ties .096 
1910 
J he LIE ARIS Dy em AD ART, 50.8 23.8 30.6 26 
Ce Ce UPR eae ns 138.0 19.8 60.6 Weg | 
ee ee ay Lis pie TA SS 117.8 23.0 45.8 .39 
emt eek AR Ne aos MUN Seo ed 25.0 4.0 8.8 .075 
PRES MIR olen SM i Bi 14.8 2.0 60.9 Gz 
SO OUERUDOT I Sethe he) y yccgluc vss 118.2 14.8 63.7 54 
eT UTAN SANS bs out gem as Wik 124.0 25.0 49.2 .42 
1911 
RO ie etal, tae eid dae se BiBlosss tase 1,400 242 357 3.03 
[Oe EN aaa ane 4 Re 464 140 242 2.05 
CLT REESE 185 49 83.3 0.706 
(ET OLS ali ae LO APR TO 206 56 90.8 0.770 
MINOT ds bilasig etetaly shai Mntoinlate 590 43 244 2.07 
MectOnee lata ee a te 144 04 124 1.05 
1912 
PEST LGN: Lames desdx she's! 56 13 28.7 0.244 
PEED ER OS ike oki allaltiaiel 4 34 25 29.6 0.217 
DARKE tt Cie ie ee oe 45 25 2002 O5222 
PPOVEUIDER 45. leh let eel. eee. 5 45 15 2/.0 0.229 
PO GETIIET Wis his acai RNS, Washi. abhi: 3 21 10 16.5 0.139 
1913 | 
TAUNTED ite he an ONO eget 7 14.0 16.3 9.09 0.077 
PETALS o/s artes eye natn) 18.0 10.6 13.00 0.110 
hig Elo RES MENS gr A PGR eS 84.0 20.0 59.30 0.502 
ed CCEA De MM ae aR Neg eA 653.0 86.0 293 .00 2.480 
COO AED 0a Aum se aR UR POLE 318.0 123.0 224.00 1.900 
LEE SURG RAS SR ON TR ER Rae ORR 428 .0 76.0 180.00 1.530 
1 Og Ci a Goi yA USED AT sh alan 204.0 34.0 75.40 0.639 
POUST eels ee a teas 130.0 2210 37 .60 0.319 
PUED LOTION Ghee shia sie die meek 6 9s 26.0 14.0 16.90 0.143 
MPCOGAE es cc le heer ee ac Release 84.0 14.0 32.30 0.274 


* This station was discontinued after 1913. A new station has been estab- 
lished at Layton ranch, a short distance upstream. 


MONTHLY DISCHARGE OF LEE CREEK, AT LAYTON RANCH 


(Drainage area, 92 square miles.) 


Discharge in second-feet 


Month Per square 


Maximum | Minimum Mean tl 

1914 
RAIS os 55 Shae ois vic Sroiseie muotae sh 24 0 aN 15.4 0.167 
IAT SO cigd'sss a hv Rew Ck Mee 13.9 Bee 9.2 0.100 
Be eae es Se oh lat 26.0 9.5 21.0 0.228 
1 AN ANE aE i ls A pe i 163.0 31.0 82.0 0.891 
RM acs tcatiis ¥. 4 sis secs ane 163.0 76.9 127.0 1.380 


164 COMMISSION OF CONSERVATION 


ee 


Discharge in second-feet 


Month 
1914—( Cont.) 
£05 5) UNG A a UALR CSE ba TA AD 149.0 72.0 94.0 1.020 
1 AC) CSUR ERY AEE LON bc gt Opa 61.0 12.8 34.0 0.370 
PERI SE OO VN ER a NR 61.0 8.5 20:0. Ro Oa 
September Hirasawa yuna 25.0 1202 16.7 0.182 
COCEEDET He EL Maia Nano all? 178.0 12.8 65.0 0.707 
November (oo yee UH aan) 94.0 13.3 60.0 0.652 
December eve sey ay aio: Tae 20.0 13:2 16.5 0.179 
1915 
VARA ha ae ee Rue aN OkY 23 13 17 .188 
FEWEMA CY WHE ad Ue WL ete Ree 15 12 14 .149 
DT Bye + UCR MSE REDO ON AD 90 9 26 282 
AOC eae earl Mawar 117 45 62 .680 
DER ACN SNe MCI LAI Sing Oath 346 90 175 1.900 
PT ee Re ONIN IG GH AAT MERU 560 103 359 3.902 
PEE are near ani as ie wb MUMBe na LR 260 56 151 1.641 
PW rect Ek anne RM UR Gye SNE MeL DLS 330 27 92 1.000 
September: We Vaca aaa wy Mei 336 26 71 774 
LR ob RO A ASN AR KO OR EUR EH 126 50 91 990 
INO VEMIDEL creates lau AT yk 76 42 56 612 
MECEINDET) aU h Winwinnlmwuntaly 62 26 36 391 


Belly River 


The Belly river rises in the mountains of northern Montana. It is 
augmented in the United States by the Middle Fork and by the North 
Fork in Canada. Below the junction with the latter, the river flows 
in a winding, north-easterly course as far as the confluence with Old- 
man river.* It drains in area of 1,420 square miles. 

The topography of the basin is varied, ranging from forested, 
mountainous regions in its upper part, to rolling prairie near the 
boundary, and level prairie near the mouth of the river. As yet, verv 
little use has been made of its waters. Utilization would naturally 
be in connection with irrigation, but a possible power-site has been 
reported to exist near section 33, township 8, range XXIV, where it 
is said that 1,200 h.p. could be developed. In the upper regions, where 
water could be diverted easily, it is not required for irrigation pur- 
poses. There are, however, a number of sites where power can be 
developed. Irrigation would be an expensive undertaking farther 
downstream. The Alberta Railway and Irrigation Co. may construct 
a canal from the Belly river to supply its irrigation system if the St. 
Mary river is found to be insufficient for that purpose. 

The Irrigation branch of the Department of the Interior estab- 
lished a gauging station on this river at Standoff, Alta., in 1909. The 
following is a summary of the discharges observed at this station: 

*By a recent decision of the Geographic Board, the name Oldman is applied 


to the main stream from the confluence of the Belly, downstream to its junction 
with the Bow. 
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MONTHLY DISCHARGE OF BELLY RIVER, AT STANDOFF, ALTA. 


(Drainage area, 461 square miles.) 


Month 


1909 
BANOO) ey ules aisles algltie sis) e 
aR nee MIN er NTNU dey uk" 


son lines as i) BORA eC A RL 
EET 11 NS are soi eae st 
REET TL) Le Ng ea 


OE RE URIS A Te eA DIN 
So ELE ake a I eR A 
[EEN OS EIN A ORS alt RUSS” PRUE PE 


ry 
March (1-18 and 24-31) ........ 
Pe ail u Yeh an eagle RAI, 


Hon bea | hos # QA URE nD 
POE OTNIEP A Me iC Ce OIL Niu cu 
POOR Mie GD Tadtil hoy Gh 
November (1-4 and 27-30) .... 
PROTA T NG LAL SP) lays Vaseie ns sya 


1912 
APES Vek GH WUE oc yO Rd 
MTA hai WON Ven mig Gai 
POPPERLY LCLSCA I aie Fubaig t aioe seas es 
PEC LOASO Aci MR ea Ciena 


RRL als Oc sictase ties otalie Gu takitys ial 
MAL ORAL: ois ol. ee ANON e ids Da, 
Rr US NAR OU HLS It 


AMINER EY etal MEE AMA TaN gh 


Prenat ed ican natebe Soiaiale 4 
BOOTIE 5K. 4 Sahed va nye Retmoe ao 
PT fond ek habe 5b adele es 
Nyse) pct MRO a i SD 
DPOOMUOT a Ko kiss bce ele sublet 


Maximum | Minimum 


2,245 
3,330 
1,975 
1,350 
310 
255 


Discharge in second-feet 


1,975 
1,350 
655 
310 


Per square 
Mean i 
2,086.7} 4.54 
2,518.8} 5.46 
1,134.0; 2.46 
G08 2 ii bi se 
267 .8 58 
189.3 41 
788 1:71 
852 1.85 
682 1.48 
439 0.952 
220 0.478 
410.8; 0.891 
494 1.07 

C7 OV tat 
88.3}; 0.192 
394 0.855 
298 0.646 

1,043 2.26 
1,454 3.15 
641 1.39 
534 1.16 
955 2.07 
266 0.577 
128 0.278 
127 0.275 
78 0.169 
75 0.163 
57 0.124 
297 0.645 
860 1.86 
851 1.85 
675 1.46 
321 0.696 
171 0.371 
227 0.492 
249 0.540 
56.41" OV122 
67.1! 0.146 
SOU7 1) OF 175 
427.0| 0.926 
810.0} 1.760 
1,391.0) 3.020 
706.0} 1.530 
457.0} 0.991 
186.0} 0.403 
204.0 ().443 
156.0; 0.338 
128.0} 0.277 
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DISCHARGE OF BELLY RIVER, AT STANDOFF, ALTA—Continued 


Discharge in second-feet 


Month Maximum | Minimum Mean Per ieee 
mile 
1914 
DBRT) 5 ee ON Con aa 147 45 93 0.202 
FebEaa ty |. Aakers 67 29 50 0.108 
1 RF ares RU REE as Une OER. A 180 63 98 0.213 
ASTER kes COR HMR Uy aN Gato 606 108 357 0.774 
Er RUT De IU oA Un AN 1,604 478 872 1.890 
TS RR aad EL 1,338 544 888 1.930 
UP ELL Paes Vue WHE Spa any Sante A. 866 359 571 1.240 
ARR VL MOE Sn RNS Ly 508 224 320 0.694 
PEPCOMED ER iy VER wh Cha eiea 420 151 256 0.555 
PCEODEE ys ue Le aa Any 961 289 450 0.976 
INGVEMIDEE VE MAAS oiled ae ane 466 12] 251 0.544 
December OOM ie ste dol Gea ey, 137 66 78 0.169 
1915 | 

PB Petbe ee ANOLON ics ENN SRDS ARYA 82 hy 67 145 
PeBreaey pic eu buaee y ctal de eual ne , 62 54 57 124 
NEE CR Uo il ea Mame ee ie 200 |. 49 |. 100 ave 
PTET ee UU Nall a OR HEE 1 514 154 274 584 
DT ARMON RQ Lai he AERA tel CCNY lah ph tint s/s 1:23) 413 * 679 1.472 
KROL MMe le eth PRN hem 1 2,700 570 1,401 3.039 
PSY With cc Ata Cae eR MMA aa 1,939 442 870 1.887 
PUBMSD UAT suresh tieles eee elie traeiyls 2,100 |. 302 578 1.254 
PE PLETIDET | He cui e cea tale aie ss 1,210 SOS ink 452 .980 
COCTODER Nae Sie eemO ER Oa URS ais 681 333 437 .948 
INOVEIIDEE os Oo Mnen Cos we eRe ys 328 153 244 .529 
Decemiser  mie  U aaa cy 141 45 81 .176 


Waterton Lake 


A possible power-site is situated between the upper and lower 
portions of this lake, at a place called the Narrows. The banks are only | 
375 feet apart and a 50-foot dam could be erected, but the cost of 
development would be rather high. A gauging station was established 
in 1908, by the Irrigation branch of the Department of the Interior, 
at Waterton Mills, on the Waterton river, the outlet of the lake. The 
following is a summary of discharges since that year: 


DISCHARGE OF WATERTON RIVER, AT WATERTON MILLS, ALTA. 
(Drainage area, 214 square miles.) 


—_————$ |_| 
—EE—————E——EEE 


Per square 


Month || Maximum | Minimum Mean : 
mile 
1908 

June *€10-30)) ie i ees eee 7,750 2,325 3,811.4] 17.81 
PEL I A CME Te 0s Sa RR BS 3,040 660 1,852.6; 8.66 
PAS OMASE Ric HLS Oil od a ar 780 335 485.3} 2.27 
Hepremies | ce Aas Mus ea or 335 200 234.8; 1.09 
October Uiel7a eta e eee one 660 280 426.8; 1.99 
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MONTHLY DISCHARGE OF WATERTON RIVER, AT WATERTON 
MILLS, ALTA.—Continued 


Maximum | Minimum Mean hears 
1909 
April (9-30) 242°5 iy Leds 
UMMM Ess ie HY elas aieleso ee ie 1,527.3) 7.14 
LOPS RR 4 Ro 4,707.7; 22.00 
DET Ae a UB ASE? 9 aR Ooh 2,140.8] 10.00 
1 OE GE SAS Da Ss TAD 782.9} 3.66 
September 314.7} 1.47 
Te RR RS OA re PPA MER HELL 
November (1-25) 425.0} 1.99 
1910 
OEE 8) RAE 8 lil SER SO OME IND a an a 1,106 5G 
ID Si dl SR SR ta 2,145 10.00 
ME cre ae ets BL ee gles 1,819 8.50 
re etree ls ile oni Ally 830 3.88 
PU SNe d corse gil bis wisn Seaweed 347 1.62 
September 591 2.76 
PTODET ek se lisic te wieiaulcfad wassc 1,061 4.96 
November 731 3.42 
1911 
April (19-30) 1,035 4.84 
ane i i, Suited ie cg hades 1,650 ay 
DOOM oly ce ek INS sheen a he saa 3,106 14.50 
(VS (6) Ore Eg UR ER RI ogee 0 MO 1,136 5.30 
COE ES SG eg Raa) 744 3.47 
September 1,255 5.86 
BCR OO TN cag ik vate cule ech eae Scat 457 2.14 
November (1-4) 132 .62 
1912 
PEAT A Nes etic Se sr etrsia ae oil wie 245 1.14 
February 217 1.01 
1h 2 ERE ES Pa I ed A 112 52 
Peer Teel. dacs ules Sule un 364 1.70 
PVRS hocks HAE ala Saldaciel es shee 1,509 7.05 
LEE On URC IIe PEE DAL SAO EA 1,744 8.15 
ST me A ACU ge ie Ai nb age ae 1,205 5.63 
GEN a ites ae, Sete atthe wy lls 454 Bil2 
September 270 1.26 
7 a UN RPT ER Ae id ee a 330 1.54 
November 371 1.73 
December 181 .84 
1913 
ERO hs cael s ctatatga a's ae 121 56 
COUT 97 SS ALS CF ED nL 110 con 
Beene he es ace prune inn at 110 51 
PRs Bs PANE ED dol ogre. water phe are 373 1.74 
So Oe AE Se ee anG RRR ng eae 1,577 ish 
STINE EGE BARS LEA SOUR Nea ean 3,383 15.80 
Re cs det en tema Riis is ohne os 1,133 5.29 
Me ey bie es & ate e Cade 638 2.98 
September “id 1.28 
MRE eos he cic fete aed ahh ONS 384 1.79 
November 267 P25 
179 84 


December 
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MONTHLY DISCHARGE OF WATERTON RIVER, AT WATERTON 
MILLS, ALTA.—Continued 


Discharge in second-feet 


Maximum | Minimum Mean Per Sa pate 

mile 
114 161 0.752 
109 134 0.626 

106 131. 0.612 

186 611 2.85 

1,012 1,913 8.94 

1,256 1,993 9.31 

44 905 4.23 

: 298 431 2.01 

Rh { 4 cd (618) co BUREN ANN MLE GE AARON URES OMY ea 576 256 394 1.84 
COCEO DEE Re iD SN Sie oa 1,454 510 856 4.00 
NOVEMpeL ise Oe aN aa gy 806 303 536 2.50 
December i ji cago eh alas a 503 93 201 0.939 

1915 
PACA Ee UMA sculs aie Bling sh, 148 74 111 .519 
FOB Cua r yea ee OAD Re 103 82 91 425 
ACHING Sk ORUOMMAD UNION Ot yas Oy 134 74 92 430 
PAD EE AU CANE a ee WIN MY 1,020 148 548 2.561 
a aN UMN RMA UUM 1,890 1,006 1,369 6.397 
Cn) ATER OS HUST On OR 2,142 1,294 1713 8.005 
ACS CS PCDI GN CNET PALE TR ECAR 1,618 72) 981 4.584 
PATER SE OI ine Hai tremiaeliey Gusher maw 801 341 496 2.318 
DEOURTHUCE HEU a rue MLN y aia tu 630 320 507 2.369 
VCP EEE iis Rie vache Ue MLN Wie 640° 445 539 2.519 
DIOVEMDER vee ave Ls Weve ena 2 630 180 384 1.793 
PICCOMIICE URORN kun es Llane goat 234 146 197 .920 
Oil Creek 


Oil creek, a tributary of Waterton lake, receives its flow from 
the melting snow of the surrounding peaks. The flow is very much 
dependent upon the temperature, and a hot, rainy summer results in 
a greatly diminished water supply before autumn. 

Above the foothills, where there is a fall of about 30 feet, the creek 
flows through a cafion in a series of cascades. Power could be devel- 
oped at this point and, with one-half mile of pipe, an effective head of 
250 feet could be obtained. The minimum flow has been estimated at 
14 second-feet, so that 400 horse-power would be available. The 
development cost would not be high. 

The following are miscellaneous discharges taken by the Irriga- 
tion branch of the Department of the Interior near the mouth of this 
creek: 


_ Discharge 
in 
second-feet 


Discharge 
in 
second-feet 


1906 A teotist (30) a ec cis eine 30 
September 12 .......... 29 September 16 ............ 28 
QCLODEE Te UG va 21 
1907 % 

NE gn OR MTP BST Ma Dis PALER neon Manan Thee ti ciety 

1908 

September 4 ........... Da 8 COND Ee NaS SE eS es oe 154 
URAC RPE UAC Mh 67 
ct eA ae Sy CR Er HG 1 A a a Ze 22 


Tule DAT HMI Oe ene Qe Sei ee ee 99 
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Blakiston Brook 


Blakiston brook is another tributary of Waterton lake, receiving 
its water from the melting snow in the mountains. The valley is nar- 
row, averaging one-quarter mile in width. Power might be developed 
by means of an intake at section 5, township 2, range XXX, with a 
canal and pipe line, over five miles in length, to Waterton lake. An 
effective head of 158 feet would thus be rendered available. The 
minimum flow had been estimated at 40 second-feet, but a later dis- 
charge measurement, taken on August 12, 1910, gave only 28-4 second- 
feet. Assuming the latter calculation to be correct, nearly 500 h.p. 
would be available during the summer. 


Tib Creek 


Tib creek is a tributary of the Belly river, which it joins two and 
one-half miles north of the international boundary. It rises in the 
mountains and has a narrow valley, varying from one-third to one- 
half mile in width, and cafion-like in places. There is a possible power- 
site, with the intake a short distance north of the boundary, and the 
power-house situated four miles below. A head of 349 feet could 
be obtained. The minimum flow has been estimated at 35 second- 
feet, giving 1,364 horse-power. 


Willow Creek 


Willow creek is one of the more important tributaries of Old- 
man river. It rises in the northern Porcupine hills and flows south- 
easterly to its confluence with the Oldman. The distance in a straight 
line, from its head-waters to its mouth, is approximately 40 miles, but, 
by following the river, whose lower course is very tortuous, this is 
greatly increased. 

The following is a summary of discharges at a gauging station 
established near Macleod by the Irrigation branch of the Department 
of the Interior: 


DISCHARGE OF WILLOW CREEK, NEAR MACLEOD, ALTA. 
(Drainage area, 1,016 square miles.) 


Discharge in second-feet 


Month Maximum| Minimum Mean ete ae 

1909 
CUS ol eR AL ERR aie Lh ta A 946 94 295.1 .294 
TREC 6S aa aides as Us ote aA Calate ahy 350 60 133:5 bos 
BeteMee i LA vee he eee 60 34 44.4 .044 


PRR GOURE A. kiN SFU Uae sees kee e 46 34 41.4 .041 
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DISCHARGE OF WILLOW CREEK, NEAR MACLEOD.—Continued 


if Discharge in second-feet 


~ 


Month Per square 


| Maximum | Minimum Mean ay 
1910 
VAIDTAL oe as ab NU Ci 45 35 40.67 .040 
AR TOME SE URI SEEN A RNA 68 35 52.58 .052 
RR ee ORG MIRC US ENN uD Ne 35 75 23.48 .023 
FM aici aga Soka ea nS eee 7.3 tit 3:2 .0032 
TUSTIN UI ere OMS 4.3 9 2:72 .0027 
DEDCEMIDEL Se eran OG En ae 82 52 46.59 046 
OCtGDerN lutein La Maan us 70 23.9 47 .63 047 
1911 
MARCO a22-SL)i ie ce eave eas 292 65 185 184 
Dyan Nee EE OMAR AT RC LaH RA 131 $3.5 76.9 .076 
NEAR ART SIMMS WI TANS) SHAY hh aa 881 63.9 Zit .209 
Ae NAS BAUS RS MH SSSA Pegs Na 460 92.8 199 198 
PR Oe AR ee ROR RN TY 144 42.5 72.9 072 
TaN Pegs cy GNP MN ene OUR RO, Be AY 1,312 48 309 305. 
MEDLOMI DST iaeis siliceieiiabis eels 1,413 113 515 ‘SEZ 
October Piisiiny: LL a ta Re SP Zoa we 48 136 ‘535 
November OUs15) ii yes ceuets) 174 81 136 135 
1912 
TeX i gt A Qo VEG ER Ne OSE SP le 298 Z25 255.9 2 
a A SIDA a Ua A a 398 238 305.0 30 
ANI a ialces igh eee Rr 0 SUN Ade J Oy 1,360 134 381.4 38 
UA US undo AAI ME gh PUT ARUN PR 952 298 493.3 49 
ib hin TN SUA og ALAR i cA 581 143 284.6 28 
SECC 2 ot NPM CURR OE GR AAD 233 103 137.3 14 
CITA GCT a ce CON aad 165 104 120.6 12 
November i(e1S) uu vi cabaics 143 05.5 114.9 11 
1913 
ADU OP Ue sie ie Ung 755 223 490 0.482 
rng LOD Oe OR ag 563 202 397 0.391 
AB PR Ag ON Ne SR A 637 183 317 0.312 
WEL RU RUAU EP esti ily TR Gee a a 644 189 300 0.295 
PGR USE UE er Ce er 422 105 187 0.184 
SEDCCHIDEE MMi omar woe sia os, 142 62 92 0.091 
COCEO DER yO em MN ILLS d . 92 76 85 0.084 
1914 
March (20.30 om tke l, 102 41.0 65 .064 
Bas) 9 | UALR MSR AMOR ACh AMR MS Ep 448 118.0 182 | .180 
C7 Aa ie OMe AURA Sd 193 118.0 156 154 
TED Aye Ov RMN eRe Cine! LI 448 73.0 151 149 
UO A aA Pe Sy BR. ale Mil oa aR 358 21.0 91 090 
Pass Togs C3 de MPR Pam eo UE caS yg CaP a 89 11.0 ol 031 
DEPCOMIDIET os Valero en IM, Le 37 12.2 Ze 022 
Oetober nc. Coy Sa una) 288 15.5 125 123 
1915 
Mareni( 22-4) (oun a een tay 291 108 207 .204 
PDT es eNO SO ay 166 108 130 .128 
VE ital NURI re Red RPM NIN oh 1,804 128 994 981 
Ub NPAT CURE MBDA a Oia El rai 3,959 773 1,609 1.588 
JB 58 6 AUTRE RRR, USANA EI WaraAL CHA NI DAE 2,012 800 1,226 1.210 
PNMAUS Es) cy Cn 0d he 1,228 254 543 536 
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Castle (Southfork) River 


This river rises in numerous mountain streams and, flowing in a 
north-easterly direction, enters the Oldman river near Cowley, Alta. 

Three possible power sites are reported on this river. The first 
is at sec. 35, tp. 6, r. I, w. of 5th, where a head of 45 feet could be 
created by a dam 400 feet in length. The second is at sec. 6, tp. 6, 
r. I, w. of 5th, where a head of 100 feet or more could be created 
by a dam in a narrow cafion. The third is at sec. 24, tp. 6, r. II, w. 
of 5th, where a head of 40 feet could be created by a dam 250 feet 
in length. 

Assuming a minimum flow of 70 second-feet, 350 h.p., 800 h.p., 
and 320 h.p., respectively, would be available at these three sites. 

A gauging station was established by the Irrigation branch of the 
Department of the Interior on this river, near Cowley, in 1909. The 
following is a summary of discharges since that year: 


MONTHLY DISCHARGE OF CASTLE RIVER, NEAR COWLEY, ALTA. 


(Drainage area, 374 square miles) 


Discharge in second-feet 


Month Maximum | Minimum Mean te iil 
1909 
Pmt CoS k MOE es cols whale fe 980 350 GS 69 
ICDECIIDET | oc PE ede ci cla au 350 230 274.8 74 
OS 15) a ld SAA. 9 RD, OL A 230 200 203.9 e's) 
1910 
0 ah! US ya a CCR Denne Be) Aaa 2,605 345 1,115 2.98 
SDS AS ae OTE ON an ete eae SU 2,790 1,215 1,908 S215 
STRAY U0 GAR A ©, Pel ROD PRES RN 2,250 880 1,420 3.8 
TELS 4 es Sl STOR? BE ee Rm Wg 880 240 497.6| 1.33 
RIOD, Oy Noh coaecleaik s.ictds ate Sabie eee 240 155 204 0.547 
ROP EI DET: .-.16 2 pes fine boc ocasleebees 695 155 371 0.993 
eine WN ates ark tele eiets aE he 1,145 465 122181) Lu98 
9 
DERE | ysis ate inh ova ce salle Whee g 100 69 8645.1 O237 
SRO ANVER: Si oe Hiliais ected seb 241 85 118 0.316 
loot hy iy es URED. CS 2 em AL 251 186 226 0.604 
OO Cr a CIR PR aE i AE 2,450 178 743 1.99 
PNG ee chic 'g Paes ok lh lsly oleae aie 5.505 1,388 2215 6.08 
ER 2K A Seco Ns Oued GMI la 5,050 2,080 3,675 9.83 
7) i ea RSE StS? eT A es URI A 1, 473 33 2.49 
DUPRE G0 hte orion ysis lo wea eisis 9s £575 424 726 1.94 
PLONE 2:0) ikAainis bg Soseiecarrely s+ 6,130 404 1,911 5.11 
BRUISE Wa ie br eh ihe ade inva hala be 861 374 566 1:51 
NOMI OT. osha c hlals: loieis baie’ 4,430 224 867 2.32 
POREPENIIOT! ci). cide ow ps ote aeue ee 237 192 222 0.567 
1912 
aMAIOO 3) 25h. SAGER ae a 195 85 107 0.286 
MONEA EY he i bie's co's a ntaentaedarnacie 89 71 81.8; 0.219 
MMR eye aN bee cio Ohta ae 204 76 93.1) 0.249 
COS Re oe a 8g QO es 1,336 204 682 1.82 
Rh id SR a nla TER RR 2,730 732 1,845 4.93 
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MONTHLY DISCHARGE OF CASTLE RIVER, NEAR COWLEY, ALTA. 


Month 


1912—( Cont.) 
TAN GOW PRD UTM UCL UAB At naa SN 
August 
September 
October 
November 
December 

1913 
January 
February 


eeececeevteee sees eo ee eer ees eee 


eter ereoe sees sceceececoveceee 
eooeeocee steerer te eee sees 
eet eer ec eee te eoero ett eevee 
eecer cee eee tere eee a eee 


eoeoeee eee et Gore seve ve 


eeceveecreee eee oe eee se eeee 


eeecereoeeor st eeceeer eee er eee 


August 
September 
October 
November 
December 
1914 
January 
February 


eo eee ersre cee ese eee ee ee ewe 
a 
seer eee e eee eee eee ees ese 
ee cece eco ecece reese eee es 


oeceeo er eee eo eee oer ewe ee oe 


eeceseeseee eee eee ee eee ee 


eoeerereoere ee eee ese eee ee 
eeccecerer eee eo ere ee ee eee wee eee 


September 
October 
November 
PIECED eM nvee sittin a ies ta caida iol au lar el 
1915 
January 
February 


eoscesceveoeveevreeereee eevee ee 


cececeeteeceoe eee oes eee eee 
eereesreee ere ere eee reece 


eoseeeceece oer ee ececee see ee 


eoceoereececeoeo eee ee eee eee eee 


oeeeceverereevoe ese Fee oveerve 
ceceecereveoersececee ee eee eee ee eee 


September 
October 
November 
December 


or ereceeo ere e eee eee ee ee ee 


eeoecereoeceecee roe ee ee ese eee 


ecececececererer ee eoeece eee ae 


cocececrvrec eee eee ee eee eee 


—Continued 


Discharge in second-feet 


Maximum | Minimum 


Crowsnest River 


The valley of Crowsnest river, which is a tributary of Oldman 
river, is well-defined, consisting of rolling slopes with occasional moun- 
tains. It is free from cut banks and is partly timbered and partly open 
prairie. The banks of the river seldom exceed 10 or 12 feet in height. 
A possible power-site is situated at the fall, near Lundbreck. The 


Mean 


Per square 
mile 
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fall is caused by a fault in the hard sandstone formation, which lies 
practically horizontal above and below the fall. This power site is in 
sec. 26, tp. 7, R. II, west of fifth meridian. The natural fall is 31 
feet and a dam 9 feet in height would give a total head of 40 feet, 
which, with an estimated minimum flow of 60 second-feet, would give 
270 h.p. The cost of development would be moderate. 


A gauging station was established at Lundbreck, Alta., by the 
Irrigation branch of the Department of the Interior in 1907. The fol- 
lowing is a summary of discharges at this station since 1908: 


DISCHARGE OF CROWSNEST RIVER, NEAR LUNDBRECK, ALTA. 
(Drainage area, 263 square miles) 


Discharge in second-feet. 


Month Maximum | Minimum Mean Per ie aa 
mile 
1908 
September (16-30) ............. 167 142 152 0.578 
CRCLOBCE Ee een Ml Ria oe a 167 142 149 0.568 
1909 
PDE LOO Vale oS ake ee ya 425 82 235 0.893 
PE) De PUM ARO ds RUINS A 1,945 82 847 3.22 
OMe cae greece rs Mas eure ga) 2,395 690 1,425 5.42 
VT TSN RAS OROA SEE 610 Ot ha 2,665 380 785 2.98 
PRAISE. a yee ale 5 Ahad etree cial el 1,245 226 439 Li 67) 
EDEOITIEH) Virus cos hela trae erence 226 167 187 0.712 
Os ah CS PADRE AR UI AURA 167 119 143 0.544 
PNOVEMDER fee eeu uume edad 297 142 175 0.666 
1910 
NE a) ORE AOC DIRS RW AGALA, EEO 839 175 445 1.69 
NE AME SS Sen AT LGN AE RUE 709 439 583 2.22 
JD T Co NUS ENN TES i EN SAE AR UA A 539 350 450 1.71 
AP ERE SS. eT ene Nn eR 350 175 245 0.933 
PARES) PLCC OULU NA ok 175 105 138 0.523 
ROPE IDETY i vs urc anont uc 149 105 134 0.510 
ROT sie cip clotted hat Winko uke wes al 278 149 219 0.833 
meovemper) C1Ls26) ic )iaailieeniele aes 309 162 188 0.715 
PAE Whe chal acneou ea ovate mie ee 89 76 85.2} 0.324 
(OES Eg GEA TAOS PN BBA 99 87 90.9} 0.346 
Be IN RC Scr NM Ue A 155 88 111 0.422 
VP ARE eT AN AR, Doge a 1,090 115 352 1.34 
ES OS SREP RRR UNIT INE at a 2,455 615 976 cay 
1 EEN ag INURE BRE SS EGA BO A 1,657 615 996 3.79 
LTE MOMS TARR SE Us Nap ae Ue NaN UR 627 259 736 2.80 
PEPEISE io 5g OE ike ae ee monte euiaia 858 192 345 tat 
EOCPINIDOT | cilia olen se aero ne 1,328 186 559 PAN V4 
ES Che Oa arm RG PAM AS LS AE 344 183 257 0.977 
BEOMPIIDOT. iii ou Aver ee Rais 555 76 175 0.677 
20 SST EY RR RETIN) ARO AUR 105 57 78.9| 0.30 
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DISCHARGE OF CROWSNEST RIVER, NEAR LUNDBRECK.—Continued 
Discharge in second-feet - 


Month 


Maximum | Minimum Mean ihe 
1912 
PATUALY VCC RG Oils nc teeta ataeen 106 90 OF 54 i Oe S74 
Bepriary Gye Gal a ey 94 76 86.1} 0.328 
Jas Be £20) cD NR AMWAY I ADA Gh Se 160 81 97 0.369 
ADT a RE ME are, Ud 531 110 324 1.23 
EA sty ORRIN ORS Rs Ua Ua RAUL @ 681 330 530 2.02 
PE REL DR IDNA NA CUR UR SNe 1,300 339 488 1.86 
bit) PUM RGU ico aa RANA a raclrL Hine Mich t Si 330 487 1:85 
VG RUSE [eo Sekine OPIS E DAE ang he 373 162 239 0.909 
Sentemper vue. wae ye ero 168 134 151 0.574 
COTODER He aig ss SERA ae 162 122 132 0.502 
INOV ORDER nent i 205 117 145 0.552 
DECeM ber jue I tl ae 205 68 105 0.399 
1913 
TAI Uc UNE AMMA Sia Bi ue 90 67 77.8| 0.296 
OCDE ENN LCE TMK LE et ay BA NH 82 60 68.6) 0.261 
TE chs BE NE GSE AN ls am 91 4 60 76:74 eee 
Pre 6) 71 ULL A AES RRP UAL DOS SU Oe 959 90 411 1.560 
LE RNC RAMMED, ACT ae BURR NN AONE 1,224 403 706 2.680 
EEE BOL RCI Ny Up TR ANU 1,149 448 717 2.730 
DS ch SR SR On SUR Ren A DY Kaa 499 216 330 1.250 
“alg 1 CnC RE 8 RRR) aN 324 168 240 0.912 
SVODECIIIDET 6 lites ols sc Ae CRI d aon 253 122 164 0.624 
63.0.3) SAAD 0) Se DRA OU SV. Mi Ra 232 ‘hi2 148 0.563 
NOVEmBer oa ou rs eit Ni 139 99 120 0.456 
DE CEMI DE FS ei URN 117 86 103 0.392 
1914 
UES Ce a BIER: Ci Ca Rap sen nN Potts 98 72 84 32 
eee c yy aN kd ORs a 78 65 7a 27 
iil fee HUE GROOT MOURN LGU MSR A a 121 69 91 35 
PUT SSE MCW HUCCCO RB MN (leia, «SYS LHR Caney) 625 119 333 Lior 
Jee els oN AM SA DS cv I 855 244 589 2.24 
THe eae ea ea eee 610 332 438 1.67 
BPEL 2st tae, A Cavey: 2S A UV MA Hk 395 184 271 1.03 
PLU STISC HL eins aianete. «ana erate 244 130 177 .67 
September ae ee ie ea 221 130 169 .64 
CCHORE Bienes Can a eeiere ie ye 580 204 310 1.18 
November eee aout ican. 4. 315 158 225 .86 
PCCEMIDER ue eo Sele ele ee 154 106 123 .47 
1915 
Tana Oe aT UO Rate ts 150 104 131 .475 
Bebriaty) le vei ety eta sc wane ste, 101 67 79 .286 
DA BT CH 5) Ln, Wey ane gia 124 68 95 344 
PDEA GS ail hee acer arene eee ca 446 104 307 12112 
1 ES ATG UR Lh SSP AURIS 1,467 578 861 3.120 
Aes 5c San MRR LR) OER SARE 886 455 600 2.174 
1 MIRREN STR NCO yA) oy 754 330 458 1.660 
PAUSE lu ile ats Naya ene an en 425 175 251 .903 
SODLRIIDOT ie once ie Wie oe CMe 185 146 161 583 
GepOne re Uae Me eH 188 144 160 .580 
NOVEMBER auc iaias WLU RTA 7h 170 93 136 .492 
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GHOST RIVER 


CHAPTER IX 


Milk River 


Milk river is the only stream of importance in Canada belonging 
to the Missouri drainage basin. It rises in the eastern slope of the 
foothills in the Blackfoot Indian reserve, in the United States. Its 
headwaters descend in two main streams, known as the North and 
South branches. The North branch flows north-easterly for a distance 
of about 15 miles, and enters Canada in tp. 1, R. XXIII, west of the 
fourth meridian ; thence, northerly and easterly to its junction with the: 
South branch. 

The South branch enters Canada in tp. 1, R. XX, west of the fourth 
meridian; thence northeast to join the North branch. From the con- 
fluence of the two branches, Milk river flows easterly and south-east- 
erly, crossing the boundary into the United States, in tp. 1, R. V, west 
of the fourth meridian. 

Throughout its course in Canada, Milk river flows through a well- 
defined valley, bordered on each side by a range of hills. Bare 
prairie land comprises the entire watershed. The river receives 
several small tributaries, all of which discharge a considerable volume 
of water during the spring freshets. Usually they become dry early 
in July, and have no considerable discharge again until late autumn, 
when some of them have a small flow for perhaps a month before 
winter. 

The general conditions of flow in the basin of the Milk river are 
typical of those in most watersheds devoid of tree growth, viz., 
extreme floods during the freshet period and small flow during the 
summer months.* From its headwaters to the crossing in sec. 1, tp. 1, 
R. V, the total area of its watershed is 2,514 square miles. Of this 
area, two-thirds are in Canada and one-third in the United States. 

The following are summaries of discharges at two of the gauging 
stations established by the Irrigation branch of the Department of the 
Interior: 


*Respecting the diversion of a portion of the waters of the St. Mary to the 
Milk, see pp. 158-159. 
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MONTHLY DISCHARGE OF MILK RIVER, AT SPENCER’S LOWER 
RANCH, ALTA. 
(Drainage area, 2,514 square miles at boundary line.) 


Discharge in second-feet 


Month Maximum | Minimum Mean leis 
1910 
ADT CLE BO yy Pe Say HN 271.5 169 218.6 .087 
1 GOSHEN EO ADS eR UHRA AIRES 279.5 120.4 184.9 074 
Rey PEG IARC A MUA NS SACS 209.5 43.5 108 043 
D ESTE AeA ORME San MAE OAD UNM EL ea a 55.5 5:5 nf 011 
INUSE Hee ate hk Se em eiy C 11.0 3 4.6 002 
Seprembern sh IAC MW a 68.0 12.3 43.8 017 
CRELOD EE a ithe sia dinnncanne bvannnLT aaa 52.0 36 42.2 017 
1911 

March V(hG-3100 0 2 eA al 981 238 433 172 

POPE I eal uae ater ie a ele una coun cs 444 99 285 113 
LE AAA EON NA IRENE SO FCN GG EN 1,013 170 363 144 
TARE, MORE Nahe ee utes) a 1,655 129 348 138 
NER Ay CHO OBA aI RDN ANI OAT BUR eA 853 87 230 .092 
PVEIPUSE nea We arama AU NL Runny) 195 yA 116 .046 
PEPLEMDER Oe Wek iL weil. 1,409 70 422 .168 
OCEODER NE MU Usha Ra a) 350 124 200 .080 
November (Ta7 yee le esas 229 101 168 067 
POT Oe SOD He ACM as Ba 2,008 280 580 231 
a EGA RRS OL G85 OD SMA Aga 909 191 318 126 
TIE ae GI air intel COR At aah 319 59 136 054 
8 La PSDB ROSES SES BNO PRE 176 64 113 045 
PONE G15) AMIGA E AUTON SUR OU ty RA 100 39 59.6 023 
DEGERMIDER Cutie ayo NU ma 83 35 60.4 024 
Te ke) 0. cr gt Ne GPA SUNBEAM 90 65 78.1 031 
AVOVEMDCR CEedO Dien Moai 83 72 76.6 030 
NAY gs GRPUMALAI 7 LEAL MOA RU SURG CEU RR 1,858 60 044 375 
1 RAUB a ib eA RL MRO NAM IN 937 363 530 211 
U6 2 APRON IN Ben SA MRM SUA CSR 702 179 320 127 
BAG SENT, AN SP SMES ee Be Cee AD 739 69 180 072 
PVA PURE Ue lena. yeti Wie oun yt, 216 52 85 034 
September ee MCR ee ie 51 22 32 013 
LB Fol 5) 0730 gan CMT AOS MAR MEAS TAA 98 46 66 026 
INDVEMDER CU aN Vo Se Ms ve 112 59 81 032 
Mash NC ZEAS Don aucune a eat! 550 78.0 340.0 135 

5 | Yaa a OA ADC RH 1,064 156.0 501.0 .199 
DR RN Tne RS KE 254 98.0 158.0 .063 
PEEL Si id at (AS Cc NILar eC LGU LE By 300 55.0 103.0 .041 
HAO Sea PORIRUA UU sk aU 69 0.9 26.0 .010 
PURSE 8 NM OL MRT ih 44 0.0 v8 .003 
sess f srg Ak We aii a Uae 122 6.3 23.0 .009 
March A523)  biiaqiin Mev aiaotin 1,750 60 542 216 

pa 1 A GAM NR USI BREE UNG 1,367 100 300 119 
FL APR a ABM Ada) NSA HAE WU) A pea Joh 100 224 089 
PEER EG eT UNG A PO. CUT aA 1,220 180 550 219 
FESS h POOR Cn MUM Aen aT Ice Oe MU Git aU 610 194 321 17, 
Pog bh ae RR ai ca TM a BEA AE a 515 103 204 081 
DUCT LOCTER ENE Uh SOU LAN MMR ica Nl 515 97 196 078 
CEO DOL i oe AN MAO UL AG 252 136 193 077 
INOVERMber | sun sa MOPED Alot 72 115 .046 


December 0. ee a MON ie 65 25 42 .017 
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MONTHLY DISCHARGE OF SOUTH BRANCH OF MILK RIVER, AT 
MACKIE, RANCH, ALTA. 
(Drainage area, 441 square miles.) 


Discharge in second-feet 


Month Maximum | Minimum Mean Per eh 
mile 
1910 
POP bs -/ay iwc MEAS eta e Bee tee te Lon 239.5 80 anys 0 4s .312 
RARE ce Mere ec a BUM 242 75 12) 2 4 fe 
TT TnL sa here O octs MT ae eis ce 242 34 71.4 .162 
SPAR GAN Nie CPA Se aca Ma Wee tre vil ASHE) 41 1.6 15 .034 
PMG Tien Bree ui docket cs ae 14 1 4.43 .010 
PE OEOIIDOE Ce wei ida oye wuss oc 46.5 12.5 30.8 .070 
RPCIONOL He EES ie SARA Le. Si 36.5 24 29.9 .068 
BIOVEMDEL © (1427 Widen ic ld Sess SG 25 37 .98 .086 
1911 
OCU AES NORM DEE ea nea, Be 341 198 258 585 
TES AMAR: ARE TS A AI am RRB UP KLE 961 158 275 624 
PION et eater ae is crit weigh) Pu) a'8t 982 100 254 576 
ee rien or Hee iy Gee ee Les 223 44 90 204 
PRUAIMEE FORE Ree Os PEE. Us whe pase 82 29 54 i122 
BOO CHIRE LY CIOL wear \ Pies oe ull 446 34 141 .320 
CIRO ER Te Sir ewe eeaw k Ook le ta 4 97 59 74 .168 
Navemmer (1-3) Place RM 85 83 84 190 
1912 
POT OeoU pire fees Ea es aby 449 157 222 .503 
CON AEE EEE HLS GA aE aE 669 121 209 . 474 
eee eau ry ee 121 44 78.8 179 
SL ROA Wa aI Se OREO Se 110 45 63.6 144 
LS SECTS aE PRR Oe EUR ae 59 21 35.6 .081 
RPCCIDeE he ig vec ee sa rane 42 21 32.8 .074 
PERO OE sti hs PE A ohh 48 22 42.6 .097 
Movember -(1+1G) 80.48. 6 0.6 oss, 45 39 42.4 096 
1913 
CC G0) RS a 554 163 430 0.975 
ES A RS NN 456 185 332 0: 733 
LOTTE U6 BURRIS AC RU a EE 424 106 216 0.490 
CIN ea SER CL ee a AP RR ATER 359 46 100 0.227 
PSY verre hula Pouce ey Gath aa 106 18 51.3 0.118 
TETADEE ANE a ee aki a, 36 9.6 18.4 0.042 
ROE eee ec a ot itis so esr ind vs. 9 Sy 140 30 68.4 0.155 
1914 (Drainage area, 504 square miles) 
POOP CATO orn 8 ds ctea ae oe 436.0 .579 
iar (6), ( 20-31.) wets dd ots ed earns : 156.0 202 
RGR RE RES OA CS EA ieee ree Oi ane! Pars .119 
BI os RU ah cen hehe dee 40.0 .030 
MRT. fel inva GA. tel Soars ea ies 39.0 .020 
TES TLCS RS Op Wn 19.4 .023 
eae st. ies tele ae 215.0 .139 
1915 
BRR eh chs ec RR MAGS ekg 124 145 
Rll etek hand he CNN 288 .258 
ACA BOL he al 858 .494 
tee e555 odd. dae Sy eee aman dee 377 .276 
MERE che Ah ae waa et ans 167 Kigs 
DEH oak a os Hanae as 462 .258 
MRE TOT a cik F yickeig ese i sia aetna 126 185 
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Bow River below Calgary 


For fourteen and one-half miles below Calgary, the Bow river 
flows almost due south near the 114th meridian, thence eastward for 
a distance of eight miles to its confluence with the Highwood. The 
banks are about 100 feet in height, and although scarped in some 
places, often bear groves of cottonwood. The bottoms are not of 
great area but, in many cases, are well adapted to farming; the entire 
country shows an excellent growth of grass. 

Pine cafion extends for about nine miles below the mouth of the 
Highwood. The banks here are almost 200 feet in height. They 
are steep and generally scarped but, in the hollows, heavily wooded 
with spruce and broad-leafed trees. This is the easternmost occur- 
rence of coniferous trees on the Bow. From this point the valley 
again widens and the banks are scarped only at the bends of the river. 
They are at first much lower, often only from 50 to 60 feet high, but, 
approaching Blackfoot crossing, they gradually rise and attain a 
height of from 100 to 150 feet. The greater portion of this section of 
the river is moderately direct in its course, but, before reaching Black- 
foot crossing, it describes several great curves and many minor bends. 
The stream is wide and shallow, with innumerable sloughs and chan- 
nels, and, in two parts of its course—twelve and two miles respec- 
tively above the crossing—forms a complete plexus of islands and 
shoals. 

The elevation of the Bow river, above the Bassano dam, is 2,563 
feet, as compared with 3,363 feet at Calgary. The distance traversed 
by the river is approximately 103 miles, and the average descent 7°8 
feet per mile. The most dangerous rapids occur in a reach a few miles 
in length, below the mouth of Fish creek, and are both rough and 
strong. 

A large volume of water is diverted from the Bow river for irriga- 
tion purposes, chiefly by the Canadian Pacific Railway Company and 
the Southern Alberta Land Company. 

The Southern Alberta Land Company has a dam and reservoir 
near Namaka. These works were practically completed in 1913. It is 
proposed to irrigate by this system about 300,000 acres. 
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The Canadian Pacific Railway Company diverts water at two 
points, one just east of the city of Calgary and the other three miles 
southwest of Bassano. The first system has been in operation for 
several years and distributes water over the western section of the 
irrigation block which extends east as far as Gleichen. The works at 
Bassano comprise a very large, earth fill dam and concrete spillway, 
which were completed in 1913. This system is to serve the section 
of the irrigation block east of Bassano. It is proposed to irrigate 
altogether about 1,000,000 acres of land. 

The Irrigation branch of the Department of the Interior has had 
stream-measurement stations on this river for several years. The 
following tables have been compiled from the records :— 


MONTHLY DISCHARGE OF BOW RIVER, AT CALGARY, ALTA. 


(Drainage area, 3,900 square miles.) 


Discharge in second-feet 


Month Maximum | Minimum Mean Per ea 
mile 

1908 
PUTA BND m Picasa eh OR aR Lit 7,093 5,063 5,954.9 1.53 
PTATA MN aids Maal de Wi ALA Ig 18,880 9,050 13,701.5 i die 
CEA POIROT SEP USN OT a RM OP GR 13,134 6,631 10,801 .1 vgn A | 
PRIA SE VV anlar a ee Ut NU ah 6,873 4,496 5,652.2 1.45 
DODteMIeN atm as aes 4,496 2,904 3,648 .2 .94 
BPCEO DOR.) OL SZO NN Aicke en's Si al alnh's hus 2,904 1,940 2,400.2 .62 

1909 
PADETNU LOGO) MEL, Gls Wi Riertuiens 1,620 1,280 1,354.5 35 
AA EONS Sy aera Lah ANN AST NY 10,126 1,280 4,176.2 1.07 
PEON SSUES A ae REED A LR 20,306 10,069 14,527 .4 3.73 
LE eA AGR 2 OUTER CERO TA SAC Beg 22,051 8,060 12.2632 3.15 
Sy ARNE SD aE DE GE 8,680 4,314 5,878.9 1.51 
S01 6a AICO UO GRIT CPE 4,758 2,490 3,703 .0 .95 
RECOIL 12 le se WANs wit al sola ane e's 3,106 1,880 2,422.9 .62 
PIOVEMDET CLO le hea Meal ae 1,880 . 1,880 1,880.0 .48 

1910 
TEAL UN OM OO MUN sin ys Ts aNdik a Sa ae toler vse 5,311 760 1,984 51 
ROMA Lc unae trae yg Gers aime ts 12,317 3,871 6,867 1.76 
1 eA Se aM] AC 14,251 7,823 10,655 Aa 
TLE ROSSA Nand OLDEN ag AD 10,529 5,431 8,513 2.18 
BOE GR RD eb ED DERI Se 7,915 3,689 | 5,646 1.45 
ReMEEI NER leer es ciate so atta 4,039 317203) 4 3,602 0)! .94 
SOOT, ila ie weiss eA aN 3,740 Boson 3,164 81 


Notr.—The discharges of the Canadian Pacific Railway Company’s canal 
have been added to those of Bow river at Cushing bridge, in this table. 
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MONTHLY DISCHARGE OF BOW RIVER, NEAR CALGARY, ALTA. 
(At Langevin bridge) 
(Drainage area, 3,056 square miles.) 


Discharge in second-feet 


Month Maximum | Minimum Mean ae 
1910—( Cont.) 
November, (29-30 )e wi et.a deo. 1,230 1,180 1,205 .39 
December ue digonc sean ca. 1,660 700 1,205 .39 
1911 
January) (P49 21eS0y ees uk 1,040 600. 880 29 
Bebra ee SAR a 2005 ‘14 796 914 .30 
DEA RC Cs TOU ta ane ain Rte 940 810 857 28 
BW ey gh CMDR TUNG ANCIAL GAO at ATRL SH 2,288 860 1,292 42 
SIE UL) RSS ACO PMUBS Tab GAR La UH AN ADAG 3,720 1,496 2,676 87 
LDL a SN cet a OU LEAL AREY 16,460 5,970 11,434 3.74 
BS Ghee MD EUAN, OES mec ARE YEH 13,730 7,00 9,459 3.10 
NE ea 51s MARL ARG EL ¢ AUNT Kaa ak a hal 15,130 5,250 7,396 2.42 
mo ed e610 of aHMRgEL Eee Ce UBUD On a UAVS NS Eig 6,420 3,160 | 4,452 1.46 
QERO DER he URC a CU EL iy hae ae Wis e470) 100 en AZ 79 
DOW ETON Well Wen Wut enna Gea aha 2,200 960 1,609 53 
PE CHITA EL i MER Nhl ai be 1,070 650 774 vZ25 
1912 
RARUACW Ut aE KaN Dime e 1,670 680 1,109 0.36 
PE DCUACY AUER eu cha an Wak 1,160 980 1,048 34 
UNE gor 7 AAA Ag DU Ca Re A 1,640 825 1,030 34 
PTS ORE Ia OOM De cau eR 2,170 1,040 1,571 51 
ENTE A AA Joa da) A Rm 8 5,485 1,620 3,432 5 
Peay ead eRARL Oleg celal ae Oe (OUT TE 13,894 2,420 8,185 2.68 
EE Gh SRE NW a ON a el 15,210 6,890 10,772 3106 
FMD Uc. AIC IW MGC SAIN VAR a ANY SC 11,7271 6,006 8,169 2.68 
MEOLCHTDOH eect Wil DANG 7,160 3,310 4,847 1.58 
Grete) eS RAE AN NAL Aa eR SOR Ma 240 3,064 1.00 
IN OVE ROE HEROIC on ACS aATARe 2,562 1,274 2,076 .68 
DECOM DEE Nee aie RL Ae 1,720 580 985 REY 
1913 
NE Lot Cha Qa ia VY /08.\ 7 EIR ape aE 1,270 1,003 1,118 . 366 
PV CDUSAL YM iis 2 ani a a 1,250 908 1,124 .368 
BE ered MN AEER RING. SIN RI qh oee 864 1,192 390 
ATR UI Lh ki AME AL: 2,380 1,180 1,663 544 
| Gale aA NAS CE rd CASS AS RE 9,070 1,565 3,201 1.05 
PETG Wide Wiis Me ree pts acta 14,670 8,470 11,557 3.78 
Ee ae a alu ears Ve Asie CSN 10,910 4,870 7,651 2.50 
PAGANS BND Ns enone SN Bar ae dC 9,270 5,126 6,825 £23 
DEDESIMDER | carrer bet Cee mee pect 8,030 3,163 4,561 1.49 
OCOABIEE 10S HONS Clade sc 3,249 2,120 2,635 .862 
NOOR DOT |)'.2 Ut. ois we we thoes ete: & 2,505 1,268 1,951 .638 
December cue alee ger eens ss 2,234 890 1,794 587 
1914 
TUBE Wi ew biti ae ial nla lh eure ace 1,360 800 1,045 .342 
PCOTUArY a te tees bi Dats 1,055 845 945 309 
Marche Of Rion aoe 1,144 908 1,034 338 
PN USL MR ABEL UOT RE Ms DE eran 1,870 1,150 1,498 490 
Le, ORE RARE alge NAPA ADDN eal 5,470 1,660 3,700 1.211 
PURE od Tite Nude ana ieahy ere ena 14,290 4,990 10,208 3.340 
ARE Ke Ra ale UR lo Ui ANG AU le 13,390 5,500 9,645 3196 
Pio aE MA PNG VATE Ay A NS DY 6,010 3,725 4,750 1.554 
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MONTHLY DISCHARGE OF BOW RIVER, NEAR CALGARY, ALTA. 


—Continued 
/ Discharge in second-feet 
Month Maximum | Minimum Mean Per square 
mile 
1914—( Cont.) 
RICEGD OR eS Sg oo id bao 3,450 2,095 2,772 .907 
POV EMIUEE UN) eee hls veut ve 2,170 1,470 TGA .578 
DGLEOICT) oe ned Uae ll eee te! 720i) poe tI Me ee Ge .363 
1915 (Drainage area, 3,113 square a) 

MAR L'a; 0 dig A peace ysis Wie wd einen. 1,320 1,050 pWinian tM .394 
Bey els tye ania vias ciaeiaend a3 L267.) in TL OO BIR. 385 
(8A hy OER EEE PI 9 A ree BE 1,504 1,280 1,400 | .450 
MMS RES alah iniothe Gaia alalors 1,993 1,194 PGUS0 K)) wa10 
MM use tamer iss) esd ciate Se 5,790 2,480 4459 || 1.432 
Ve VIED AS a Ue fal 28,130 5,460 | 10,440 || 3.354 
Pe as Re oer Ts eels tine we 18,590 10,560 14,470 | 4.648 
Periner Rr Ota arate ii ite ely 11,560 | 6,190 8,305 || 2.668 
SOE Na 1 Ba (at rag th AE Ag ar 6,280 3,079 PY ie IA ED i 9822 
OLE NE SO fe La 3,058 2,256 2,680 Painpete oh 
Pree MIDE y Vall ui a dle oc hate Z 373 | 1,400 1,746 | .561 
“USS TS ai Ie AD IA ty ARB OOS NbCH D260) .408 


DISCHARGE OF BOW RIVER, NEAR MORLEY, ALTA* 


(Drainage area, 2,111 square miles.) 


Discharge in second-feet 


a Ng 


Month Per square 
mile 
1910 ye 
UC Or TL Diy Mea ie in wisadcriese bonis : 4 
Ae ih a olsen oly Graal = dita gts) , 4.52 
Maer Uhr a actu tne ai hida ai Wants Sve 
PME Oya ves Ci ieg ale: SUMS MatL , ; : ib Zee 
REICH DCT) 5 oie Giureiitiy acs: islesaietelal a | 1:32 
Cc SULT eine ER AMER Sis A a A : ) Wiig ney oe 
Perea ben sou wok i eee 72 
LS Sor ais UR > ae Oc ‘ 153 
1911 
MPEVE (ee Pure dia ctl ceo ilepie oaks | 281 
Ty Owe Ls we elem e s}¢ .291 
= RING SIRETE igre Fh Arc Re es ize 
BOOM E IN Dic a. a8 oo halen dha ial We He gettOs Wiles : 392 
EET Bs Sai alge eae ot EAN 1.06 
MEME resp: celeron y ah) bs argetes. ¢ 4.82 
EP teat mana has aca tres 3.82 
PRET DUT. «, 5. leith lh Syais, stats enc aeaneld nis Peer i, 
PeOLBRIDED ois RF - ae nncy tose < 1.66 
Pet Lee cr Sens ee basis Wane es 872 
November (1-8, 27-30) .620 


*1911, the Morley station was transferred to Kananaskis, as the operation 
of the Calgary Power Company’s plant caused the records at Morley to be 
unsatisfactory. 
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MONTHLY DISCHARGE OF BOW RIVER, NEAR KANANASKIS 


(Drainage area, 1,601 square miles.) 


Month 


1912 
March (10-31) 
April 


eee eee vote Oe eoceeeee 

sec e eee roe cece esc oes esc seve 
eC Ce ee a ce 
SS 


ceoretteoeceerre eee ese veeee vee 


PUL STEPSE Yen RNA MURINE URL auc gal 
September 
October 
November 
December 
1913 
January 
February 


ooeeeceree ere eee erseeeeo eee eer 


ee eeerecereceoerereceeoe sere 
eeeceereoerer cee see osevoeenevee 
cece eceo eres eco ee seeceo eres 


eooce ewe ee cee ere eee eee ee 


ecoeererecee er ee oer eoer eee eeece 


CD 


eet fewer e reece sreer eee ene eee eee 
eevee rteoceere ete eoe eee eee eee vece 
eeoecereereece eee eee er eer eee ee 


eoset*eereereereececeoee eee ee ee oe 


August 
September 
October 
November 
December 
1914 
January 
February 


eeoeeececeero eee cee er eer esroees 
eect ecereeoe eer ecocece ec eeee 
cece ee ere eee oe eee eee wees 
eoecvceces ceo seer eee ee ee 


eeceererececeece see eer eo ee ee 


August 
September 
October 
November 
December 
1915 
January 
February 


oe ae 6 8.) 0) eee, 0! \e ele! oo) eee) 6 «6 16 


eoeceeeec etree oe eee ee ee eee 
eee eee reece eer eee eee 

eo teeo ere eee eer e ere ee ee ce 
Pe er rr 


coerce ewer ee wee ee eee ere 


lo, w/e: oilia va. Leyae fie Jel te) @ 40,16) 6) 600lie))\e)\e 6a) o 


cece eee eee woe eee ee ee ee ee 


September 
October 
November 
December 


soe etree eee eee ee eee eee 


eee eee eo ee eer ee ee eee we ew 


% fase) ole €16)le) ee Olle, (6) Ow Keeley @ ie) le 


eorcereceer eee we eo woe eee ee ee 


Maximum | Minimum 


Discharge in second-feet 


Mean 
570 580.50 
546 627 .00 
635 2,199.68 
1,894 sf Ufo We 
4,432 6,130.0 
4,100 5,923.0 
2,320 3,294 .0 
LGR a 28058 
710 1,259 
300 656 
640 703 
570 679 
670 839 
820 1,285 
1,040 2,546 
7,165 8,776 
3,509 5,540 
3,734 5,049 
1,976 3,381 
1,440 2,026 
1,144 1,507 
1,200 1,398 
600 859 
560 717 
605 670 
700 821 
1,168 2,584 
2,872 6,932 
4,210 6,957 
2,351 3,536 
1,841 2,136 
1,729 2,159 
860 1,225 
420 644 
500 5). 654 
630 803 
662 825 
728 1,093 
1,860 2,570 
3,290 5,428 
5,924 8,059 
4,268 5,134 
1,833 2,539 
1,725 1,855 
1,220 1,394 
865 1,165 


| 


Per square 
mile 
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The drainage area of the Bow is almost the same near Namaka 
as near Bassano; the latter is the lower. The following summaries of 
discharges are from the lowest points on the Bow where as 
observations are taken: . 


MONTHLY DISCHARGE OF BOW RIVER, NEAR NAMAKA, ALTA. 


Discharge in second-feet 


Month j ire 
i| Maximum | Minimum 

' 1910 
Sd TN E40 LG INS Ra RON UR a RRR a Ge na A 10,195 6,855.2 
RI a SAE LEU MER MR EU) SEAM CEY Ge amA TS Wi 5,475 2,576.3: 
EE UA AR ITS MENG NIRE AS ARN ei a EE 12,875 7,179.3 
Te Papmtet ts SOM MOLI SNL AA LS DA aU We PUT 14,670 0,843.4 
NTP ag hes UPR NALS a se oa a Oe eR LALA gle Ch 9,930 7,909.5 
ee 0 RIG LAAN LO A Me AR ARS EL IN aS 7,360 5,387.7 
OOLETIDOR MLE Mek neti r wie wa a mera nan eva 2) 4,290 3,910.0 

3,597 .8 


OP EODOL eee eile ta so ak cucietin ai Ab ah AUN Lay Gi 4,182 


MONTHLY DISCHARGE OF BOW RIVER, NEAR BASSANO, ALTA. 
(Drainage area, 7,613 square miles.) 


Discharge in second-feet 


Month Maximum | Minimum Mean Per at i 
mile 
1911 
eg UAE SO ATEN RR RR CA HRA 7395004) BOZO ke 4068 53 
14 0 all soya GB EAR A Dea A gD 20,190 7,950 14,669 1.93 
fe EN NRRL ALT a AN Vn a 17,500 8,160 10,833 1.43 
DPE ENS ON CL Le ire Ca it ONE ee 22,780 5,060 9,566 1.26 
PC OLCEMDET Meu lalane L Sinan a ag 10,860 4,080 6,363 .84 
CLOT bi cate atte sass a arniatylt s 4,170 2,420 i| 3,286 43 
PIOVEMDSE CL=Gy i acevo 2,720 2,070 21337 31 
1913 
iT tea Os U8 Ub na OH aE 8,565 5,830 7,453 0.978 
Jo ea aR MMO UREA HERS aA 14,274 6,180 8,449 Ty 
ED POMIDEE Qe siveni dois Were'e ccna Wie 8,430 3,100 5,032 0.661 
COCCODE EIN LES sy anes alc wapeiererens 3,700 2,946 3,251 0.427 
1914 
VETO ARN eT I GPR ARUP Or 14,340 8,360 12,021 1.579 
Mach talc mh eee & cuits id atigle Miata als 13,140 4,820 8,705 1.143 
JAE EPG A I ARO AD TS EAP 5,330 3,950 4,658 0.612 
BEIM DE Mae css mite rie ae cwela nals 4,450 1,625 2,750 0.361 
(FOES yee gg RA IRENE En 8 BR 4,450 2,420 3,138 0.412 
SS yna ttes aah ROD ACC HAM BRRn aD erg (a 2,740 1,310 2,228 0.293 
Pee cern ben) c ctoei dc pad so ee a de 2,180 550 1,027 0.135 
1915 
EADY ate SEA iali'g sod RRA abs 1,800 1,000 1,262 .166 
Merial ys skagen shaieeohnniers 1,650 1,200 298 .039 
ULI ckerne ale ata ame caw 3,100 1,300 263 .034 
PHA ie aa iv gl nar Mla ig gina se Wo 3,450 1,100 959 .126 
BRL iu dente em oh Siok BE LENS, 17,260 2,115 9,617 1.26 
as ca x ahah ace ptonateencela mek 69,156 10,600 18,475 2.43 
1g REREAD OSPR ON BROS REIN 43,408 18,580 27,273 3.58 
OST Se eh Kooga eR Re at 22,244 7,600 12,407 1.63 
RR ERIE Niutoidv is secemcie eh oan ae 9,780 3,950 5,888 773 
MRE Ae ate SOc! Ou Gs 4,530 2,220 3,131 411 
ae ne, ae EMERG DE ep Cee a ie Tes tite 840 A2i1 .290 
MAOIs BN an ela ea ASS 2,160 750 1,357 .178 


Nore.—The monthly summary of discharges for 1912 is not available. 
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Highwood River 


Highwood river is an important tributary of Bow river. It rises 
in numerous small streams on both sides of Highwood range, and 
flows in an easterly direction to High River, thence almost due north 
to its confluence with the Bow. It receives many fairly large tri- 
butaries, including Sheep river, Tongueflag and Pekiska creeks. In 
the foothills adjacent to the mountains the valley of the main stream 
is a wide depression, with prairie flats and terraced sides. The 
neighboring hills are partly wooded. The river leaves the Highwood 
range through a narrow gap or gorge; for a distance of 14 miles, 
to a point near Mist mountain, the valley contains stretches of prairie, 
but becomes more generally wooded at the mountain. 

The following is a summary of discharges at the gauging station 
established by the Irrigation branch of the Department of the Interior: 


DISCHARGE OF HIGHWOOD RIVER, AT HIGH RIVER, ALTA. 
(Drainage area, 746 square miles) 


Discharge in second-feet 


Month | Maximum | Minimum Mean mae 

1908 
eb evoke (FA OPN OW PRR Oe 9,180 2,365 4,163.6 5.58 
PRAVEEN ca ans PON Mt ale 460 250 342.1 458 
DCD EEMIDEE HWM ye ca). meee 272 160 195.5 .262 
CPEEG DET LE ee al oY te 522 160 221.1 -296 

1909 
Uae Wo} a) DRM Ab NO) Re co ARUN Sar al A 375 115 186.6. .249 
Hi Bo ih MaRS AG IR ca OR a 3,805 240 1,568.1 Z310 
ITS a Scan ee eura at WL LRM ay 4,400 1,320 2,651.6 3255 
AEA A pee Gel RNIN OS) A ya) and MAL AO ae 2,965 667 1,516 2.02 
LATOR Sta urn yuan oe) aia ty can, 1,205 290 547.6 .734 
Septem per cut meee ne cL . 290 140 223.5 .299 
COREG BEL Shane aS ars 153 140 145.6 .195 

1910 
PP i ec RR EE 710 110 258.5 /346 
TV i Eo MRNA LRN RR WAR LAR 2 1,715 405 855.6 1.15 
ATOR IE OE) RCCL Reamie 1,205 625 953.2 1.28 
104 5 dag DURA ME Rm Re tA! JAGR onl APO 400 226 398 .4 .531 
PA OESER Fs oer LO 226 155 191.2 .256 
September hey ou We Lea te 540 178 351.3 471 
Ccraber® 60 ade i)! ey er aiae 490 185 341.1 -457 


* Includes Little Bow ditch. 
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DISCHARGE OF HIGHWOOD RIVER, AT HIGH RIVER.—Continued 


: Discharge in second-feet 


Month ||, Maximum | Minimum Mean , vail tae 
11 
AEC (CeO te ne yan spe 3545, sia 150 72.6 105 141 
LG) SIL gh RN iA PO aR ae 464 51.3 182 244 
vy Beek ae CIV aN Seeing ug a eB od 290 790 1.06 
“Ch, FOR AML ARRS ES Ng a eer lho NOS gD 3,345 1,130 1,844 2.48 
[Li 7h el ED GS Pade USE ag 1,339 P76). 612 821 
SCT UU DN Oe et ant ate FB a 2,728 312 860 LING bs 
oh TEN Ed oh ARE PU ER 1,975 426 984 | O84 
MEET UM Mote all ow vist ey ek te 504 316 412 Lao 
mrovemper. (1-13) oo 005 ose. s's 384 67.8 186 .248 
1912 
Oe Pe One Lies doe tla se 425 242 300 .402 
OLE aCe APL Rel ged a at ERR Ea 1,510 256 732 .982 
erie MU ey Se cw, 6,720 502 1275 Livi 
| ORSGADS BEN TAG RSL Ai 2,240 920 P72 157, 
PUESE CIP MR kc digo ak FN dacd ete 1,264 394 627 .840 
DC DLCMIDET rattle a de uke clients 375 240 293 . 393 
POCTOREE Meo sae sas cle Net ala ss 265 103 Ze) .296 
Provember (1-25) |. acc deiites os 284 98 174 234 
1913 
AR laa a eA a ae AL A 370 282 318 0.426 
re Ne tee 8 sehr eens 2,220 260 768 1.03 
Pee Canes es Sa dis), 2,106 734 1,478 1.98 
ERE Pets vst OM neice aie ooh RR 4 1,646 356 702 0.941 
ES IRD OS Le ee | ae 642 $52 528 0.708 
EOC MID EK, ho ine oa lle Renee eas 431 244 319 0.428 
Be O NOL ht ee nik hs cei ele 405 164 is 0.366 
Ba WOR DOLT Ves ule ehaseigles Sea's sates wise 271 114 195 0.261 
PIOCEINEL NY oo ots ik hE oo ed kinks 121 26 86 DES 
1914 . 
OEE CLUE OO FSO Oe ans ea ele ee 365 233 308 413 
ROR STAN oe Be Penn RB 1,272 365 880 1.180 
(ECO SBEWO RESET SO SEIRR Gri SL GRY ¢ SAAN 1,921 744 1,209 1.620 
A Ee Re ae CO ae ara. A ce 922 235 550 oe, 
OEE ORS, Aas 0% > eee SOME 8 NRA 215 131 173 aoe 
EUR DEE x clone es wets here es 220 116 140 .188 
Mire bet bi kek doe ik A 593 127 293 .393 
1915 
IE Ae Rea tage as Ci MEP ic gicks Mull 2s 98 70 85 .114 
PORTIA LY Shoo nests Kah S 8 aA AO 8s 76 69 74 099 
RL Senet Meta Sica ech, + sume « a" 132 30 66 088 
A Bs Semele s Ah Se ahi Muara id 490 61 255 342 
A  LERRRS! BURR ATI “CUNO ML Og Re 3,416 900 1,968 2.638 
OR ea incre. MRI PTE Mra 4 8,024 1,800 2,879 3.859 
_N SORREISES BU aR reeks Sebring > aE 3,800 1,260 1,973 2.645 
PSC RS RISE Dass SiR, cee oer 1,648 335 796 1.067 
MCOTIVDO N.oah a ia alee aie ok 470 250 351 .470 
(ONSEN S dill MATL iy SP TRRDe STN oy NB 464 255 357 .479 
PIGVOINDEL . 24sec. ecb oan} 300 102 173 ey 
BGO DELS 0a) oeek och ak soe UR sas 158 126 141 .189 


{ Includes flow through Little Bow ditch and Lineham’s spillway. 
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Sheep River 


Sheep river is the principal tributary of Highwood river. It rises 
in the outer ranges of the Rocky mountains and foothills and flows 
easterly to its confluence with the Highwood. 

The following is a summary of discharges at the gauging station 
established by the Irrigation branch of the Department of the Interior 
near Okotoks: 


MONTHLY DISCHARGE OF SHEEP RIVER, NEAR OKOTOKS, ALTA. 


Discharge in second-feet 


Month Maximum | Minimum Mean uaa 
1908 
AOTiL CS SOR ik ECM 880 80 7375 ‘ane 
Deh RESON RAMS MON ae PO 3,400 130 968.8 1.55 
AE CARA OAD ESE SOURED GUY 7,685 880 2,396.6 3.84 
67 EO ARRON NE RRR UP) SE CaP APOAT! i "RN 780 210 444.4 Ry A 
PBTOVESE OCR MM LL Aa LU a OL 210 145 187.4 .300 
MROLOTEDER Cua craniN Valmet n cna 160 100 A228 .197 
CRCEOOE Yh LUMI RUAN ea acy 275 160 191.6 . 306 
1909 
Dy Ge SIE: CCAR AR 1 ATR 3,386 705 2071.3 3132 
ARTO a ie eye ns OL AC) AS Sizl2 1,008 2,018.5 3.23 
Ue A ADR REN SDA RDS Pa 2,116 348 1,033.8 1.66 
PAE aoe AURIS HBA ORG OR EA 862 172 318.2 VED 
Acre On tot UIA EY Sa ge CO EN 172 1 ZA 130.1 .181 
NE, 15) 2 oR SIRE 0 NMED LP PO 98 pA 88.4 142 
1910 
gos gy MUN Nata UR TU ALE EIU SN 203 59 112 180 
PVE LU SPAN NR it oc aU i 408 180 251 403 
LE Ca TAG SRNR A aa 314 180 251 402 
PE sc MOMS, US anne 180 80 119 191 
Pt eat hos a OR eke SA NT ACAD 70 aU 159 69 115 .184 
SENLEMIDED He ice Ral aM CI 255 107 210 336 
DEPOD ET I PUNO n HL AN. Un ign Wie 203 123 156 .249 
1911 
Pets) TU RN yey ME! YN TOA SIRO UA Be 804 66 273 438 
DELTA iN HAN ME Kn mee So Th! 1,720 182 563 902 
A TEs CMEC hs CORD 19 ao BALD 1,720 440 855 1.370 
DARA ME Zc COSTS ea 1,080 194 386 .619 
PRU ATSE UNCP) GER AN MSN EIN tea, 2,410 226 853 1.367 
SEMPeMIDOE y's elles eis aisle ciauuce mie. 1,726 352 688 1.103 
CNCEOOEE|\ Ce RY SUNN A ny gf) 446 222 281 .450 
November ut ode emi ak! 232 225 230 369 
1912 
PTI CO-E5 yi ener Mik Male enane 603 239 305 489 
EN PARI MEAD OS aad NU ROAR ae EA 701 282 510 818 
PHGTe here GR Ne UMAR 5,446 282 915 1.467 
Ta ee LOROE NO cece CALAN MLTR TAREE 4,711 610 1,682 2.695 
PURSE OU aie U0 iturin 863 205 387 .620 
BEDLeIbee cL eu uon wewan wastes 205 141 221 354 
G3 61 0 oh RMN PRU CUR RIAN I 435 183 263 .422 


Nevember! CLUS) iii sauetn ene wey 495 104 175 281 
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MONTHLY DISCHARGE OF SHEEP RIVER, NEAR OKOTOKS, ALTA. 


—Continued 


f Discharge in second-feet 
Month 


Maximum | Minimum Mean Per square 

mile 

1913 
PSs 5 GMAT A a A TB EM Pod ie re a GR 1,045 54 345 .558 
et a Ur IA ae AR ae) 901 105 466 754 
SS Aa ee) TNA ee ALOR Ag aap 1,581 352 735 1.190 
RTD e ROC ONC aS) COUR Rr 1,341 276 463 .749 
URES aE aR TARE MS en TLRS 190 411 .665 
BR NPEIID EL Pas dials Warn lcsaenlgeade sto SIS in) 139 194 .314 
COST aS cd a VALE Oe SOUR NT NY aN UR 150 143 148 .239 

1914 
POEL A AFD) ic ea dale eieialwiay ic nl 646 131 228 361 
PE EON MONAT ALAA CARS tp DID 789 182 517 818 
[EEE UT ERMC ESE HEPA RELIC 854 252 563 890 
TOE Aa AUB LGN AMIDST BCI SR PUBS HIRD 772 120 330 .522 
pugs UORN ERY aha AG BUENA A  GLBURUO UATE 167 103 128 .203 
PEDLCINDEEY Cocos Wilimcnr ian ae alees 172 78 108 171 
EEE STAAL. UO CSA a ea ae 458 135 212 335 

1915 
OCR tak eo ahsie a Wate 307 84 156 .247 
SSE) CARAT RTA OES RTO 150 92 124 .196 
“OS CISNSE OR SOR UNMAG  ANN GPS A 2,979 301 1,330 2.104 
1 SALT USEROUR PRPS SN 21,390 1,032 2,871 4.543 
aU eet hike Naa Vowialnishwithxcqadals 18,500 296 3,920 6.203 
RISE atom neal ods thc ala anaes ky 2,300 391 847 1.340 
SE ECIDEL ict ey oaibeas aaiatunte aids 920 $15 466 1737 
Co La ELD AE RU ca REN MAE RAGA ARE 560 270 382 .604 


Fish Creek 


Fish creek is a tributary of Bow river. Rising between the Sheep 
and Elbow rivers, it flows in a general easterly direction to its con- 
fluence with the Bow, 15 miles below Calgary. 

The following is a summary of discharges at the gauging station 
established by the Irrigation branch of the Department of the Interior 
near Priddis: 
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MONTHLY DISCHARGE OF FISH CREEK, NEAR PRIDDIS, ALTA. 


(Drainage area, 109 square miles.) 


. Month 
1908 
Pee iC DP SO. Wik eu iinet Le ip 496 
i he: og NNR AS PAS 8 UR SS kdl Ri 104 
ALOTISE \e Re Re ee ei 40 
Depteniber We. oe eu eee ae 23 
Ostomer: SS e hrnhiy. Gucm tame Le 49 
1909 
Ma S-540)) Chemie d ie re ado 556 
PON ie A ne MRI ea Ng 104 
UU) URC UNS) SOAR gage! cite «Ue aa 182 
PASE hy CEN ere OU A eli 44.5 
September he dha We Mie 9 
etober Wii Ry hai iow yee Oey 15 
1910 
1A MER UA PRN MOR sog ADI Og 11:5 
TG COROT RITA SARGERAS COARL 15.5 
Ee EMI Me ENA SIAC D Gul ENO bmgNTI a 1.9 
PREMISE TE CMO ARUN LOMA git Cus eM) 
SODPOCMIDEL Me nL NLM uA an aia 44.8 
OPPODE SUR! (CU uaa ba 10.5 
1911 
FNC ic BM RMU UE I Ose SED uM) Ph RN 95 
i VAPOR G2 ADSM ae RRR 293 
PMS eS Cia aa, 20 Go 200 
FE Ara UMMA RRL ISAC GAR SMa Fai A 242 
tet 451) AMPLE CERT FM Ce APE 930 
DEBLEMDEE Ure dient as wie alee 109 
AE (5 2.0) bY or mS PAA RIOD TERR ESM UEA Hn SE 59 
Movember (1316) ics Nonaug ah 30 
1912 
PEA (O22 Wee ee av Bie) 48 
LITER UPN MeO NE SA RDUONBENR As Wa 170 
PANG hea i rene teen lke tani ale bs 3 6 
Vai etcunre ete anh NA Ghy ence Riats 734 
Pa er a b=: eS Pe UH NE ae Reg 180 
Septeniber yw vw wee ee ee 125 
Octobers Haye Ve. Dalene nee a 89 
Movember lela \wuun id Giidiil : 38 
1913 
PUPEl G2E SOY ae meres De rc 59.0 
1 IPRA, Sega RLS A bp! gh) Pad 289 .0 
A fer su APG bait Rr Nie BP, oad fats 310.0 
LLU aC APA aN MINE but tale, , UTR aah 117.0 
ATVI S Eos MT) Lae nn 95.0 
MEDLOTNDE Ra) 0 0.) Sa aa 54.0 
COCEODER Un cen eh i Ann ene Ki de 35.0 


Discharge in second-feet 


Maximum | Minimum 


Mean 


Per square 


mile 
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DISCHARGE OF FISH CREEK, NEAR PRIDDIS, ALTA.—Continued 


Soe Seng ge 


Discharge in second-feet 


Month Maximum | Minimum Mean Soak ea 

1914 
PME OD hia aii sods du salrk «ss 47 O°, 21.00 35.0 ioe 
COC SRR, ETT O ALTE sg 1H i IR ga Ae Ba0 15.20 28.0 257 
ers a ee lr a) 3! cs 2's cia arege es 110.0 15.20 37.0 .340 
FL) BAI, (ep eta SATO an a at RR ec 81.0 1.70 173 .159 
PUMIRE MOC AG Bk Livin wks Oui a « 4 20.2 1.20 se | .047 
POUR OIDEL wick Whe ss Oca as cles is 5.9 1.40 Ps: .032 
POE Na ei e u's aay Wlecyate + 6c 33.0 2.50 17.0 156 

1915 
Niate WE Pe SA ecko Pode ok 1,540 404 953 8.743 
oT SRA RSIS Sal SE ee a 490 16 99 908 
Be ee SC eae Re 952 22 214 1.963 
MRS ete A Rica ey Giatelet vee 7,020 58 547 5.018 
GE ae) Ge ng I Sige 2,760 216 711 6.523 
PCTS NL RB UN 2 Siete VN a 774 59 190 1.743 
OL ETIDEE iy cui decal oes ae 332 67 140 1.284 
EA LAT it a ae Cop OR a 223 65 122 1.119 

Nose Creek 


Nose creek rises in township 28, about eight miles west of the fifth 
meridian, and flows into the Bow river from the north at Calgary. Its 
course is almost due south and is paralleled by the Edmonton branch 
of the Canadian Pacific railway. 


MONTHLY DISCHARGE OF NOSE CREEK, NEAR CALGARY, ALTA. 


_ (Drainage area, 294 square miles) 


Discharge in second-feet 


Month Maximum | Minimum Mean Per ie le 
mile 
1911 
POTS LASOU)) Vso es Mie os yaa 6.5 12.4)" .042 
et Avira zccl aun er Dade te, ‘Aiud a) 85.3 o.5 20.6 .070 
ESPON AD CC ie ab Ape Re Oa tnEA Lan a 110.0 6.5 30.3 .103 
1 LU Siete ie RENE BC 17.4 Sie 8.7 .030 
Perera ans) ibd) oe bal osial oo 42.1 6.5 14.4 .049 
SEG O22 GR ee PANG AE Daca aNR ia 17.4 7.9 9.8 .033 
METOUETT Ree. fear eee Pak alte: 9.6 5.9 7.4 .025 
movember 61-15) shih eauide se 6.5 5:7 5.8 .020 
1912 

PUEBLO SE) cana nine ee t's b4s 94 53 77.7 264 
PATE esate See te eran Oe cite we 77 6.5 29.8 101 
OT Si IO IMER CASINOS I ore Pee TR ALAN 66 15.2 37.3 .127 
1 OE SIS NES LUNA IRS IDTEN Sat 75 7 17.5 .060 
MMM ere et ets cay che ened duty es 82 15.5 44.9 iy ge 
OR wi ks he dims: Seba tae hac hl 82 12.3 27 .6 .094 
RNRROTARAG Cg 2 cite a Chiu ath « 83 31 55.2 .188 
UR aR AR Dil sl 52 17.4 32.1 .109 
Movember (1-15) 5 d<apaah. Awb 28 8.7 75%: .060 
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MONTHLY DISCHARGE OF NOSE CREEK, NEAR CALGARY, ALTA. 


Continued 


Discharge in second-feet 


Month Maximum | Minimum Mean Per MY 
mile 
1913 
PDT. CLOSSU a ie One a Cae 227, 1576 81.4 CoA 
1 EE RUDE GAR ORE AVOID 177 15.6 56.3 191 
PAE Si) SANA ee Nees tC IO DR eons 167 116 44.2 150 
OLE SIR AAMT Go he A ONGC AIAN AND 1345 14.9 38.3 130 
Peo S CORRECT MINI UPAS OUT AEM ON Lk NOAA ARO 36 10.7 18.3 .062 
DEP LOADER uaa i ebm ON GN 29 10.4 15.0 .051 
CIELO DED Dy A RAEN UMM aM aRU A ak 11.6 10.1 10.8 .037 
1914 
WEA ee Ze Bite ney aie he UIT MURINE) ON a 14.4 7.0 9.9 .031 
Tee eM he SINAC Ray CARO CARE 48 .0 7.0 15.5 .048 
PL a io EAMKMARSMNS GELS RIND AO ai NI 16.7 4.1 ray 024 
REUSE Ltr oh nO ANCHE Gems au ING ot 70 3:2 4.4 014 
SEprem Herp an 9.3 3.4 515 .017 
COCEO BENE RIMINE it MY AMOR AO) Si $5.5 5.7 10.3 032 
1915 
SATOEILEY Wists CURR tL OR eR SMNAN SM 23 6 12 .040 
Ti MA MA UUs a PALL vale fac Ab GRAN UO 166 7 34 .116 
PAVE NAS untae ceets LOM WUT NOON OU SUR i 1,011 21 140 .476 
1 ASPARTATE IM 225 23 312 1.060 
PE dole aa OYE Soar NUNN Dae NUR AM 1,935 90 344 1.170 
BEPECIIDET NUE RN Mah. 235 112 137 .466 
ROCEOTIOR HONE Aba MONK CAO 144 80 108 .367 


Elbow River 


The Elbow river forms one of the main tributaries of the Bow and 
enters it within the boundaries of the city of Calgary. It rises in the 
eastern ranges of the Rockies and flows eastward till it reaches a point 
due south of Calgary, thence northward to the Bow. 

A reconnaissance survey of the Elbow river was recently made 
by the Water Power branch, and several schemes are being con- 
sidered with a view to securing the most economical and efficient 
development. The cost of development, it is reported, would be com- 
paratively high. One of the projects proposed would produce approxi- 
mately 3,600 continuous electrical h.p. with an increase to 4,200 h.p. 
during part of the year. This proposition includes both a storage and 
a power dam, the location of the latter being at section 15, township 
22, range VI, west of fifth meridian. A head of 225 feet would be 
available through a flume line, 1.75 miles long. 

Another project would develop a head of 500 feet, bringing the 
water from the storage dam to the power-house by tunnel and pipe 
line. 

A gauging station was established on this river at Calgary by the 
Irrigation branch of the Department of the Interior in 1908. The fol- 
lowing is a summary of observations at this station: 
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MONTHLY DISCHARGE OF ELBOW RIVER, ,AT CALGARY, ALTA. 
(Approximate drainage area, 482 square miles.) 


Discharge in second-feet 


Month Maximum | Minimum Mean Pane 
1908 
DEAT UN Be OU he as) Lala els catia as « Hugh ie es a We 694.5 1.44 
PU emne e in DAtra, Sean OD (lean). 5,615 960 2,266 4.69 
J SRR EAS a te Say ARONA LUMAR 1,000 360 700.3 1.45 
GCE TET MAE YR tle OR A el A 410 260 332.6 .690 
sit ve 8) 5 EM eA OMT ARS I i 310 260 280.8 .582 
et MIN REE IR RENN Ui Oe 360 212 244.8 .508 
DOW eniber (ils ee ua aN 360 212 236.5 .490 
1909 
PLES RIAA ARRAN ARON RAO 2,757 220 968 2.01 
LAE ROS EEO ROR ONT SMUT END ae 3,320 717 1,377.2 2.86 
AIFF ER a eS RG RN SONU 2,282 502 929.9 1.93 
PME CE an abe TN) a IN 695 271 430.6 .892 
MEMECIIDEL Wah anon sus cody acy 271 238 255.5 .530 
OY RS oC aR AO 240 226 231.4 .480 
1910 
MMe DRO once lie Gx: (ut abn i, 165 76 101 .209 
2M AON LU AK AGA GIT A) RUD eae nL 602 156 308.5 .640 
PROG LC raha SN EtUN? Oar Ls GAN Ut 650 336 466 .967 
RO UY SPSS CSS UROL A cE ON 387 204 282 585 
PACU Orn aR ace Ai SNOT AL: 412 194 287 .5 .596 
DERE IDOE iN ime CN 657 237 421.9 875 
STE TE AA MANE, LS SEER RAR 363): 237 291.6 .605 
Assen at aor kN ON AR a, EN A 323 90 205.5 .426 
December. sy esas yee no wee a 161 vie 119 .247 
1911 
EE Ta RAL ENON LL ONY NAN 73 45 62.2 .129 
OMEMAL a ODL Ogu Ne do 123 73 95.9 .199 
eV Che AN PURGE REL SR UE 255 86 141 293 
[oho 3 | GA AE BUMS Ms ent: A 539 79 236 .490 
BE IN eae PAD Rk RR 1,063 190 407 844 
rent > VO) Lal aa ARO ENN MOUS 1,466 635 915 1.898 
a ree eRe ala Ee or UN SLM 1,208 436 633 1.313 
Pah GF ACL AWD BORON ACL MUR AUB IDRSD ld AA RU 3,159 430 982 2.037 
ve Toro 0 od GRE ON TP a 1,546 464 700 1.452 
CRCEO REE Oui in sae eign sty 470 290 367 761 
November ...... NA eC PG UA 377. 75 212 .440 
DOOCOTED SE UL ee oy aly 225 31 100 .207 
1912 
REAR Oey KH ets) MANN ty) 139 34 LOGE yee 
TEE Tg RNA EET OSS AR A 155 100 120.2 125 
10 oe Sy Be AR TN aR ga 300 65 129.4 27 
LCE UN SEARS BIRO SINE AA Rg 400 180 263 54 
PAY UN ey eis aaa Lr Rut pee 590 255 461 96 
LEAT ARERR NG AA ALAA ANRC Oe 4,312 299 937 1.94 
EUG SENN RCTS RR NSU GAL A 3,690 614 1,588.9 3.30 
BRIERE Kine ete FY Muto Pawn Galt ouNg 838 412 554.5 1.15 
PP DEMITINET 4 lr Coie wane oe aces 535 323 403.2 .84 
Oo RM RRR ar AL. Sol BED Ne 426 281 RAY .69 
PROV ETEDET Co celts Peale eae Ronee 168 113 149.9 9 | 


OTST) kt ga ae A a lk ae 191 48 LIZ 7 .24 
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MONTHLY DISCHARGE OF ELBOW RIVER, AT CALGARY, ALTA— 
Continued 


Discharge in second-feet 


Month : apt Per square 
Maximum | Minimum Mean «nile 
1913 
AN 02 ET AMM alterna SRN NG GCA AN 129 67 92 .192 
MEBEUa by abe ee es en eee 138 114 126 261 
LARCH ie sateen wee a eieine ea = 183 62 107 22e 
REEL US Gat etek ae eR IAL 1,205 136 406 842 
Wan atee areca re RON onE SE 2 1,112 172 538 L120 
ASEAN Vito utc. Vb ele Uotege aL ie atl 455 695 1.444 
A EL oh UREN US GG MARSA RR CI Sh 961 317 476 .988 
PLUS USE Ours CO LOM ia enn ity 1,367 348 | 559 1.160 
BENCOMpDe eae eye we aameis 461 245 320 .664 
Ootaheri ey Peay 6 i eo ay 268 236 247 S12 
November nd ue yea pak 268 198 230 BF ar 
December isso rs Bau weeees 200 69 138 .286 
1914 
VALE AE Ye Me Tee aa ae uy G6 159 75 115 .24 
MADTOAEY  VhGue ser eres epee a oad 127 92 110 .23 
cE gies 6 EAM EDO HOPE BREE BEG RT Re 130 109 1t3 23 
TA 8) | AGREE EE | AU BERRA erane nae 372 145 255 53 
LU UMNO Ly alate lpieh otal lig i 576 232 396 82 
eR SR a eA Ae 1,020 412 691 1.43 
DE ae Chae 2 RRM Satay A Mag 796 PASS 453 94 
DP AEISE les GE MMe ecco talhe OGRE G' se 414 180 255 253 
Sep cera et wisi rates de ie aleve aioe’ sie > 240 168 199 41 
CES DET: CMe MMO EL Aa 472 236 336 70 
NOMEIIDED Monat cet a ee rw 234 130 174 .36 
TOO CORIDEE: ie Vues caus cipise ettaiaias 158 100 121 2 
1915 
PATIAEYT ies MWe Ley bine Riise 148 99 126 .266 
PrebE aby ei were in aden ean tae sie 117 99 105 222 
ESIC ED OO VAN, ai anu uMete) ane 401 97 157 331 
ae) ch CMU RCE SEN AC RN 252 192 218 460 
50 Bey Me Rr Mec) Oy ONE MORRO) NO 2,005 200 1,198 2200 
ARE a gel une iF 2s SAAR aay fuse ogee 8,427 1,163 ZAZzL 4.49 
aE pA LOS CAEN, EER SAAN RRS Sia 4,033 1,203 1,930 4.07 
WARSI SE UU Eee Rist relic Bs wa 2,035 447 907 1.91 
Senbemipen (aucune. bus oa mele oe 947 528 656 1.38 
CCDS A OUR Reel TS tk alti ie 723 424 558 1.18 
NOVERIDER IL Ge le Be Uo tty 424 234 299 .631 
December Wine es bes cee en's 229 65 186 392 
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CHAPTER XI 


Bow River above Calgary* 


Conservation of the waters of the Bow river is of the utmost 
moment, for upon it directly depends the agricultural and indus- 
trial prosperity of a very large area of southern Alberta. Rising 
in the high and remote regions of the Rocky Mountains National 
Park, and, with numerous tributaries, furnishing the most interest- 
ing and attractive feature of its world-famed scenery, the river emerges 
from the park only to be harnessed to supply energy for transmission 
to the city of Calgary for municipal purposes, street lighting, tram- 
ways, and for general commercial and industrial use. After furnish- 
ing the hydro-electric energy, the same waters have, by irrigation, 
converted thousands of acres of otherwise useless land into the most 
fertile tracts within the province. 


At first consideration it would appear that the two 
Dual Use important uses of this water, for irrigation and for 
of Water : : ; i 
power, would result in a serious conflict of interest. 
Fortunately, however, irrigation requirements occur during the high- 
water stages of the river. Storage reservoirs on its upper waters 
would also make it possible to conserve enough of the flood flow, not 
required for irrigation, to compensate for the low water during the 
winter months, when otherwise the volume would not be sufficient for 
power purposes. 

The present use and distribution and the future conservation of 
the water resources of the Bow River basin, constitute one of the most 
important problems before the Department of the Interior. In some 
of its phases this problem has already been solved, while in others it 
awaits solution, although a beginning has been made and the lines of 
practicable progress have been fairly well marked out. 
 -*Nore.—The storage and power possibilities of this river above Calgary have 
been investigated by the Water Power branch of the Department of the 
Interior, and a detailed report, made by M. C. Hendry, has been published as 
Water Resources Paper No. 2. The greater portion of this chapter, relating to 
the Bow river proper, is a brief summary of the above publication, prepared by 
Mr. J. B. Challies, superintendent of the Water Power branch, for insertion as 


a part of this report. The tables of discharges for stations on the Bow river, 
situated above and below Calgary, are grouped together in chapter X. 
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The Bow is a typical mountain river, rising in the 
General ; 
Description eastern slope of the Rocky Mountain system, west 
of River of the city of Calgary, Alberta. It drains an area of 
3,138 square miles. The mountain portion of the basin—the portion 
above the Kananaskis fall—includes an area of 1,710 square miles. 
Fortunately, the mountain area is in the Rocky Mountains National 
Park, and enjoys all the advantages of park administration. The river 
has a very steep slope, and in several places falls occur, caused by out- 
cropping ledges of sandstone. Bow lake, in the headwaters, is at an 
elevation of about 6,620 feet above sea level. ‘Thence to Kananaskis. 
fall, at the confluence of the Kananaskis river, a distance of 90 miles, 
the descent is approximately 2,250 feet. Between Kananaskis fall and 
Calgary, a distance of 55 miles, it descends an additional 775 feet. Its 
flow is typical of all mountain streams, subject to sudden variation, and 
greatly influenced by conditions of temperature. During the winter 
it is greatly reduced, but in June and July, rains and the melting of the 
glaciers cause floods, and the variation between high and low water is 
very great. While no direct gaugings of extreme flood discharges are 
available, it has been computed, from levels taken by the Canadian 
Pacific Railway Company at Bow bridge and Kananaskis bridge, that 
at Horseshoe fall a flood of 45,000 c.f.s. has occurred. A low water 
discharge of less than 600 c.f.s. has been recorded at the same point. 
Records of the discharge at various points have been kept more or 
less continuously since 1909. : 
Mister Gower What may be termed the power-producing section 
Producing of the river is a stretch about 30 miles long, within 
mection easy transmission radius of the largest power market 
of the district, the city of Calgary. The growth of this city has been 
phenomenal. As the city controls its public utilities, including street 
railway, water-works, electric light, etc., it is in the market for power 
in rapidly increasing amounts. There are, also, other large users of 
power, including the Canadian Pacific railway. 
Paice The first hydro-electric development on the Bow 
Municipal river was that of the Eau Claire Lumber Company, 
Fighting situated within the city limits of Calgary. This 
development utilizes about 12 feet of the natural fall of the river, 
by means of a diverting dam (pile and timber construction) and a 
canal. The present installation is for 600 horse-power, but it is under- 
stood that additional installation is proposed. 

A growing demand for hydro-electric power at 
ion Power Calgary resulted in the Calgary Power Co., Ltd., con- 

Wcenen structing a modern 19,500 horse-power hydro-electric 

plant at Horseshoe fall, about 48 miles from the city (see plate facing 
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page 208). Owing to variation in flow, the output is not continuous. 
This development was commenced in 1909 and completed on the as- 
sumption that the minimum flow of the river was about 1,000 c.f.s. 
Unfortunately, in the early stages of operation it was discovered that 
the minimum flow was so much less than supposed that the company 
was, early in 1911, confronted with the immediate necessity of either 
constructing a steam auxiliary plant at Calgary, or of undertaking stor- 
age works at. the most favourable point on the upper waters of the Bow 
river. 

St Work In March, 1912, construction was commenced on 
orage OrKS x i 
for Winter a storage dam at the outlet of lake Minnewanka, in 
Flow the Rocky Mountains National Park. It was com- 
pleted in time to impound the flood waters of the summer of 1912, and 
make them available for the winter flow of 1912-13. By the construc- 
tion of this dam, about 58,000 acre-feet of water can be stored, of 
which 44,000 acre-feet are guaranteed to the power company. In con- 
structing this dam provision has been made for all necessary per- 
manent works for an intake to a future power project on the Cascade 
river, which will be capable of developing about 900 continuous elec- 
trical horse-power, to be used for park purposes within the Rocky 

Mountains National Park. 
The Calgary Power Co. has also constructed an 
ponent additional plant (see plate facing page 210) at Kanan- 
askis fall, about 114 miles west of its present plant at 
Horseshoe fall, where, with a head of 70 feet, machinery capable of 
producing 11,000 horse-power has been installed. The company’s two 
plants are being operated together, and the power is mainly transmit- 
ted for use in and near the city of Calgary. With these two plants 
in operation, and with the present storage at Minnewanka lake, a 
continuous output of 11,600 wheel horse-power can probably be 
depended upon.* 


Powerund The rapidly increasing demand for power from the 
Storage Bow river, and the necessity for providing adequate 
_ Investigations 


storage facilities for existing and contemplated plants 
on the river, rendered necessary immediate and vigorous action by the 
Water Power branch of the Department of the Interior, to investigate 
the power and regulation facilities of the river, and at the same time, 
to formulate a policy providing for the maximum advantageous util- 
ization of the resources of the river in the best interest of present and 
prospective users, for both power and irrigation purposes. Accord- 
ingly, Mr. J.. B. Challies commenced, in 1911, a thorough investiga- 
tion of the Bow river, and its tributaries west of Calgary. The field 


*A more detailed description of these plants is appended hereto, p. 209. 
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work was carried on under the direction of M. C. Hendry, with the 
general advice and assistance of Mr. C. H. Mitchell, of the consulting 
engineering firm of C. H. & P. H. Mitchell, Toronto, one of the board 
of consulting engineers to the Water Power branch in connection 
with water-power matters in Western Canada. Mr. Mitchell also 
collaborated with Mr. Hendry in the preparation of his report, pub- 
lished as Water Resources Paper No. 2. 
A thorough reconnaissance of the whole Bow 

Scena River basin was made, with subsequent surveys of all 

possible power sites and storage basins. Owing to 
the lack of run-off data at important points, both on the Bow river and 
its tributaries, additional gauging stations were established by the 
hydrographic engineers of the Interior Department. Most of the pre- 
vious work of stream gauging in this district, while excellent, had 
been carried on only during open water season, and little information 
was available as to the flow during the winter months. The work 
was carried on by Mr. Hendry during the summer of 1911 and summer 
and winter of 1912. In the two summer seasons the following was 
accomplished: ; 
Recetnaleda es Reconnaissance was made of Kananaskis river, 
of Bow and Kananaskis lakes, Spray river and tributaries and 
Me itt hai Spray lakes, Bow lake, Hector lake, Pipestone creek, 
Baker lake, Ptarmigan lake, Redoubt lake, Johnston creek, Redearth 
creek, Brewster creek, Forty-mile creek, and Ghost river. 

A thorough reconnaissance, preliminary to surveys, was made by 
both Mr. Hendry and Mr. Mitchell, of the power-producing portion of 
the Bow river between Kananaskis fall and Radnor. The creeks and 
lakes examined on these trips were either eliminated as being unsuit- 
able for power or storage purposes, or accepted as feasible, and some 
general scheme for development settled on. In the latter case a field 
party was then assigned to carry out the investigations in detail. 

During the summer of 1911 and 1912, detailed topo- 

ip cone rephiel graphical surveys were made of approximately 30 miles 

hide of the Bow river, from the Canadian Pacific Railway 

bridge above Kananaskis fall, down as far as Radnor, particular atten- 

tion being given to the several possible power sites. ‘Topographical 

surveys were also made of Bow lake, lake Minnewanka, and the basin 
of the Spray lakes, with a view to the creation of storage. 

The profile of the Bow river above Calgary shows the results of 
these surveys. Briefly, there are six power sites on the power-pro- 
ducing stretch of the Bow river, as follows :— 

1. Kananaskis Fall site, developed. 

2. Horseshoe Fall site, developed. 

3. Bow Fort site, undeveloped. 
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4, Mission site, undeveloped. 

5. Ghost site, undeveloped. 

6. Radnor site, undeveloped. 

Two other developments in this basin have been proven feasible, 
one of about 900 horse-power capacity on the Cascade river, imme- 
diately below the outlet of lake Minnewanka, where the Calgary Power 
Co. has constructed a storage dam; the other on the Kananaskis river, 
just above the Canadian Pacific bridge, where a combined storage and 
power development has been proposed by the same company. 

The famous Bow fall, on the Bow river, near the 
Bow Fallasa Canadian Pacific Railway Company’s hotel at Banff, 
re yc Hast b idered to have a far greater potential 

as been consi g p 

value from an esthetic standpoint than from any possible use. for 
power development purposes. For this reason no attempt has been 
made to consider it from a utilitarian viewpoint. 

The storage possibilities of the basin are extensive 
Storage _ and important, although the question of flow during 
Possibilities ; ats ‘ : 

winter conditions from the possible storage reservoirs 

must be further considered before any comprehensive construction 
scheme is finally determined. Results of the surveys are briefly sum- 
marized in the following tables: 


STORAGE BASINS 


Basin Capacity 
Do aT ope hs Reni ATE Ue eh fen BORE Re RUA AA SR RA A fo eh ODA 27,400 acre-ft. 
EOL 1S Ga ORD TES AR Ne SMa GRUNT DT SNP ARE AER Wheot THON ON and) ARM EINS RAE OOO i soiiag: 
PPS CIV ATIC heen Rue Sp a de Ne GIANG SLU 4 iaghel AML in BT OO i ie 
bake UMinnewanka auxiliary (created i ee Lie PAREN tule a ah ban 
Totalpabove alivary on bow fiver! oY ae ee I ae, oe BAS TOO i ene 
TotateaboverCaleary) with alixiliary : Ny Uy ety as Wal faite BOR SOOE na 
aly ACen CES NS RE RI AMAR Ny slap Pee nea Pe a cA NET Uap SOO ne aniien 
Total above Calgary, including auxiliary at Minnewanka .... | ZOO, SOG aA 


POWER SITES 


aa Pondage above : 
Site PR HIE ER aT BOG Head in feet 
Bow river— 
UD Se Teekae de Ciepuic ud Worn rR ge MAB Sea a $2225 70 operating 
ZA PROS ACR he eV RUNING Biol 4 98.47 70 operating 
Re Tay Git aeey ene eae ie a AER ANA a Ne 205.19 | 
HUCRTIGRIATI SS CeO et erie daw a tele 353 .09 47 
cM ASS SGM A SR neck) eT 786.10 50 
GRACE Pe.ou hs Mo Mowry cmraee by Oa aes 241.50 | 44 
Cascade river— 
At Minnewanka dan oy. hoes we. 0's 4,000 64 


Kananaskis river— 
PADOGe: Cs.) ky INV DTEPO ae helen chs 620 45 
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In addition, it is probably possible to develop power at several 
points on the Spray river below the proposed storage dam, but no 
detailed investigation has been made. 

All possible storage on the Bow river above Cal- 
Benefits of gary is available for the whole power section of the 
Sicrees river between Kananaskis fall and Radnor. The mean 
flow for the low winter months, as recorded at Horseshoe fall, has 
been found to be as low as 720 c.f.s., and the minimum flow as low 
as 600 c.f.s. By means of the storage that has been and that may be 
created, it is anticipated that the mean flow can be raised to at least 
1,500 c.f.s. Below the mouth of the Ghost this would be increased to 
1,600 c.f.s. 

The effect of storage upon the power output of the river, over that 
due to the natural flow, is shown in the following tables: 


SHOWING EFFECT OF REGULATION AT EACH POWER SITE ON 
BOW RIVER 


Continuous wheel h.p. 
Power site LAT et PM RE A 
Natural flow Regulated flow 


Kananaskis fall (developed) .............. 3,820 9,545 

Horseshoe fall cao RANSON ASAT 3,820 9,545 

J eV AAti e  h  UeE RUBS ANDY i 3,600 9,000 

PGS ess Ba OAAMEN COSHH S ONION USAT SELL A abla VHA) NS MUN 2,565 6,410 

AES Coe aa NG MI EEE Nes LUGS ed aA ey espe Bose aA Dy 3,180 here 

Pe bn l0 5 ah GN A AN I AU PR ALO OR 2,800 6,400 
flog ee 6.0" CL eM cree TR RIN sydd, 789 48,175 

Department power site at Minnewanka dam, Cascade river ...... 1,165 -w.h.p. 

Grand total of power capacity of river fully regulated ............ 49,340 w.h.p. 

Giving an‘increased continuous output, of ).. eosel ue eek ee 29,555 w.h.p. 


A tabulated summary is shown of the effects of storage upon 
the developed and undeveloped water-power sites within the power 
producing stretch of the Bow river. This table is compiled from 


diagrams and shows the effect of storage upon the river for different 
assumptions. 
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The lack of continuous records of runoff over any considerable 
period renders positive conclusions impossible, but it is considered that 
these discharges recorded under low-water conditions are approxi- 
mately correct. After careful investigation and a study of the runoff 
and meteorological data available, together with a knowledge of the 
physical conditions obtaining throughout the year, it has been found 
that the mean monthly flow at Horseshoe fall during the period 
recorded does not fall below 720 c.f.s. During short periods, perhaps 
a single day, the flow has dropped below 600 c.f.s., but the mean 
monthly flow, upon which the storage scheme must be based, is approx- 
imately 720 c.f.s. The lowest mean monthly flow for the period 1909- 
1912 was 833 c.f.s., and occurred in the low-water season of 1911-12. 


The benefits from storage have been worked out upon the basis 
of mean monthly flow, and a fair allowance has been made for loss 
due to evaporation and wastage between the point of storage and the 
point of utilization. The results of these studies show that, at the 
lowest season, a discharge of 1,500 second-feet can be secured. 


In preparing the following flow tables, the effect 
Available to be obtained from storage was taken as that due to 
Siteke the discharge of 160,000 acre-feet from the proposed 
Spray basin, of 27,000 acre-feet from the proposed Bow Lake basin, 
and of 44,000 acre-feet from Lake Minnewanka basin (12 feet draw 
down of lake). In addition there can be made available at Min- 
newanka a further storage of 14,200 acre-feet (16 feet draw down). 
The flow tabies give the quantity in cubic feet per second and acre- 
feet required to raise the mean monthly flow from that recorded to 
discharges ranging from 800 c.f.s. to 1,500 c.f.s. At the foot of each 
column the mean flow for the low water period is given, together with 
the total acre-feet necessary to produce the given discharge for the 
period. Below the table is given in concise form the effect of the flow 
from each storage basin upon the discharge, and, finally, the combined 
effect of all the storage basins upon the flow. 

For the low-water period 1909-10, the mean discharge for the 
period for an average month is 1,025 c.f.s. With this as a basis, 
the table shows that, providing for a flow of 1,500 c.f.s. over the low 
water period, November to April, inclusive, there will be a surplus of 
60,938 acre-feet, without making use of the extra storage available 
in Minnewanka, or, including 14,200 acre-feet auxiliary storage, a 
total of 75,138 acre-feet, sufficient to provide for a flow of 1,705 c.f.s. 
over the whole period. 

For the low-water period 1910-11, the mean discharge is 1,124 
c.f.s. over the whole period. As before, providing for a continuous 
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flow of 1,500 c.f.s. over this period, there is a surplus (omitting the 
auxiliary storage) of 75,545 acre-feet, or, including the 14,200 acre- 
feet auxiliary storage, a total of 89,745 acre-feet, which would give a 
continuous flow from October to April of 1,804 c.f.s. 

During the period 1911-12, the mean flow was only 833 c.f.s., and, 
to secure a flow of 1,500 c.f.s., the entire storage capacity, including the 
auxiliary 14,200 acre-feet, a total of 245,200 acre-feet, would be 
required. 

From these figures it seems assured that a flow of 1,500 second- 
feet can be maintained. During seasons of unusually low water this 
may possibly not be realized, and records over a longer period would 
give more weight to the conclusions drawn, but, in the absence of more 
definite information, this flow has been accepted as reasonably certain, 
and the developments between Horseshoe fall and Ghost river have 
been based upon this assumption. 

The precipitation during the low-water season, October 1 to March 

31, 1911-12, was less than for any other season during the past eight 
years, and the total precipitation for the water year 1911-12 was just 
0.38 inch higher than the mean precipitation over a period of 16 years. 
In view of this, the foregoing assumption regarding discharge appears 
justified. 
Effect of Between Kananaskis fall and the mouth of the 
Storage on Ghost river, using a storage capacity of 243,100 acre- 
Discharge feet, and an auxiliary storage at lake Minnewanka of 
14,200 acre-feet, a flow of 1,500 second-feet may be maintained during 
the low-water period of any year; during years of ordinary precipita- 
tion, this flow may be as much as 1,700 c.f.s. 

Below the mouth of the Ghost river, the regulated flow may be 
increased by at least 100 c.f.s., or, from the Ghost river to Radnor, a 
continuous flow of 1,600 c.f.s. would be available; during some seasons 
it might reach 1,800 c.f.s. 

Complete data are not available for the discharge of creeks tribu- 
tary to the Bow between Radnor and Calgary, but below Calgary, and 
including the regulated flow of the Elbow, a flow of nearly 2,000 c.f.s. 
may be expected during the low water period. 

A profile of the power producing stretch of the river is shown on 
plate facing page 202. This plate demonstrates the inter-relation of the 
head and tail waters of the different plants, and of the proposed con- 
centrations. 

Estimates of cost have been prepared providing for 
Estimates a complete development of the three proposed storage 
hi basins, including that already built at the outlet of 
lake Minnewanka, and for four additional power plants on the power 
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producing stretch of the river, together with duplicate transmission 
lines sufficient to carry the total output from the four additional plants 
to Calgary, as well as adequate receiving equipment at Calgary. 

These estimates are, of course, only preliminary. They are 
merely for the purpose of obtaining a comparison of costs, and 
arriving at a reasonable conclusion as to the commercial possibilities of 
the whole conservation project, including the construction of the var- 
ious storage works, and of the four additional power plants. They 
have been conservatively computed, and are considered ample to cover 
“all contingencies, based upon existing labour and market conditions. 
The results of these estimates of cost are summarized in the follow- 
ing tables: 

STORAGE DEVELOPMENT 


Sit , Capacity | Estimated Cost per 
oF acre-feet cost acre-foot 
BW AO yc ele nite er siatalas 27,400 $105,000 $3.83 
SS IO C9 te a 171,000 514,000 | he 
44,700 145,000 3 n4 
Minnewanka Se ane oe) eiifatn { 58,900 145,000 2 ‘ 46 
BADOW BIVER Ode sil 23,000 200,000 8.70 
POWER DEVELOPMENTS 
ty Be : i} Hstimated cost | Estimated cost 
Site Head in Stab ay : of plant of power per 
feet aM including cost k.w.hr.* 
piitagdc. of storage | in cents 
BOW POT as i. 66 9,000 $924,970 .00 0.49 
Mission ....... 47 6,410 851,100.00 0.60 
ROBO es & 50 7,245 892,500.00 0.57 
AIOE Tht. 5, 44 6,400 807,460.00 0.59 
IRRIGATION 


The effect of the creation of storage upon irrigation requirements, 
is a question which must be considered with the effect on the power 
interests. 

Calgary lies on the western and Regina on the eastern limit of a 
dry belt, in which the soil is, for the greater part, very fertile. Irriga- 
tion has been carried on in this district. The first project was con- 
structed on Fish creek in 1879; but, it was not until 1893, that works 
were undertaken on an extensive scale. 


* Estimated cost of power per k.w. hour, delivered in Calgary, on 50 per 
cent load factor basis, including storage, transmission lines, etc. 


Notrt.—With reference to the foregoing, it may be of interest to note that 
in April, 1913, a comprehensive report was made for the city of Calgary wherein 
it was shown that electric power generated by a steam coal-fired plant, and sold 
on the basis of a 50 per cent load factor, would cost, delivered at generator 
terminals without transformation or transmission, from 0.85 cent down to 0.74 
cent per k.w. hour, as the size of the plant increased from 5,000 k.w. to 45,000 
k.w. capacity. 
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Rp Of the first undertakings, the two largest were those 
Irrigation of the Calgary Hydraulic Company, with headworks on 
Propositions the Elbow river west of Calgary, and the Calgary Irri- 
gation Company, whose headworks were also on the Elbow. By 
the end of 1894 there were 70 systems of various sizes in operation. 

Irrigation undertakings increased until, in 1902, the number of 
ditches in operation was 169, capable of irrigating 614,684 acres. 
Recently some of the projects have been abandoned, among others 
that of the Calgary Hydraulic Company. 

About 1905, the Canadian Pacific Railway Company became an 
active advocate of irrigation, and instituted the largest and most com- 
prehensive reclamation undertaking in the Canadian West. A main 
channel, with headworks just below the junction of the Bow and Elbow 
rivers, carries water to irrigate land to the east of Calgary. The 
principal undertaking is farther east, where the company has recently 
constructed the Bassano dam to serve 513,000 acres of irrigable land. 


ay | It is well to recognize that the agricultural indus- 
finigation try, with its accompanying irrigation requirements, is 
Requirements pre-eminent in this locality, and as regards the use of 


water, must take precedence of all power requirements. 

When this investigation of the Bow river water supply was first 
undertaken, there was some apprehension respecting a possible con- 
flict of interests in the adjustment of the water supply. As the 
investigations progressed, and broadened, however, it soon became 
apparent that instead of any interference, there was, on the con- 
trary, rather a co-operative effect. On the broad principle that 
any storage project will equally assist both power production and 
irrigation, in supplying ample water for their requirements, it is 
obvious that there can be no conflict of rights if the river discharge 
is equably controlled so as to be uniform during the spring and 
autumn. 
teisauoniae Fortunately, water for irrigation is required only 
Favourable during high and normal water stages of the river, 
Water Seasons commencing not earlier than April 7, and extending 
to not later than September 30. During these summer months, at least 
three have flood discharge on this river, while the other two, viz., May 
and September, have discharges larger than the proposed new regulated 
flow of 1,500 second-feet at, say, Morley. The withdrawal of water 
by storage on the high summer flood will not interfere with efficient 
irrigation; on the contrary, provision is made for the future, because 
such a large supply cannot be maintained throughout the entire irrigable 
season; the month of April is much improved by storage, while 
September remains as before. 
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Under any circumstances, the requirements of irrigation should be 
kept clearly in mind, and, in the face of a threatened shortage, its rea- 
sonable demands must be given precedence. 

With the limited space available, it has been impossible to discuss 
pertinent questions of cost, runoff, precipitation, temperature, evapora- 
tion, ice conditions, storage manipulation, and geology. All such, and 
other allied questions, have been exhaustively treated by Mr. Hendry, 
in Water Resources Paper No. 2. 


RECOMMENDATIONS OF CONSULTING E\NGINEER 


Mr. C. H. Mitchell, in submitting his final recommendations to the 
Department of the Interior, following the completion of Mr. Hendry’s 
surveys, says: 


General.—lIf the country in the foothills east of ihe Rockies, 
and within transmission radius of the Bow river, is to be encour- 
aged as an industrial region, the utilization of its natural resources 
is an economic necessity, and the utmost development of the water 
power of the Bow river is a logical outcome. In this region there 
are already rapidly growing industrial communities, and their 
steady growth is dependent on probably no more important fac- 
tor than an ample supply of power. 

The Bow river is peculiar, in that, in its natural condition, its 
summer flood discharge is upwards of seventy times its low water 
winter discharge, a condition which obviously renders its use, in 
its present state, unsuitable, inefficient, and commercially unfeasible 
for power purposes. 

The investigations which have been carried on during the past 
two years, the results of which have been embodied in the gen- 
eral report of Mr. Hendry, and in which I have collaborated, 
indicate that, if the Bow river is to be an efficient commercial 
source of power, and at the same time to afford an ample water 
supply for power and irrigation purposes, it is absolutely neces- 
sary that the river be regulated and controlled, so as to ensure a 
fixed and usable supply of water continuously throughout the 
year. 

Conditions to be Met—If the improvement of Bow river is 
undertaken for the advantage of the power and irrigation indus- 
tries, it is obvious that it should be done by, and remain under the 
control of, the Government, because of the many conflicting inter- 
ests involved. In addition to the irrigation interests, there are, 
or are likely to be, several power companies requiring water in 
some degree of uniformity throughout the year. Such being the 
case, it is evident that, once the storage system is constructed, 
its satisfactory operation can be secured only through the medium 
of some central official body, exercising an absolute control over 
the water supply, so as to obtain the greatest advantage and 
efficiency to the largest proportion of public users. All users 
must be made parties to the arrangement to make it completely 
co-operative. 
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Policy to be Framed.—lIf this water supply project is under- 
taken as a work of public benefit by the Dominion Government, it 
would naturally be the function of the Water Power branch of 
the Department of the Interior to carry it out, and subsequently 
administer its operation. 

Conclusion.—Realizing the importance of the Bow river 
waters to every phase of the development of the district through 
which it flows, and recognizing the urgent necessity of having a 
practicable conservation scheme worked out and put into practice 
without delay, the investigations described herein were carried to 
completion with all reasonable thoroughness, and with every pos- 
sible dispatch. They have been surprisingly gratifying, showing 
that it is economically feasible so to regulate the flow of the Bow 
river, by means of storage works in its upper waters, as to war- 
rant the development at six power sites of over 45,000 continuous 
24-hour wheel horse-power, all within 50 miles of the city of Cal- 
gary. At the same time, it has been shown that the using of these 
waters for power purposes above Calgary need not conflict with 
the consumption of the same water below Calgary for irrigation 
purposes; rather would the regulation proposed for power pur- 
poses be a distinct advantage to the extension of existing irriga- 
tion systems to their ultimate capacity, and also insure in the 
future the instigation of additional irrigation projects. 

All of the present power and storage projects within the Bow 
River basin have been authorized under. the Dominion water 
power regulations, which, in the way of limited grants, reason- 
able return to the Crown for the privileges, continuous control 
and periodic regulation of rates to consumers, the best possible 
physical use of the privilege, and continuous, beneficial operation 
provide for all that is essential in present day conservation prin- 
ciples regarding water power development. Care has also been 
taken to make all the present developments conform to any future 
comprehensive control scheme to be put into practice as soon as 
the necessities of the situation warrant. 

Not only by the engineering investigations briefly described 
herein, but in the departmental administration of the resources 
referred to, the main purpose of the Dominion Water Power 
branch has been to realize, in the broadest sense of the term, 
“conservation.” 


EXISTING DEVELOPMENTS ON Bow RIVER 


Eau Claire Plant—The first hydro-electric development on the 


Bow river, in the section from Calgary west, is that of the Eau Claire 
Lumber Company (Calgary Power Company), situated within the 
city limits of Calgary. The development makes use of the natural fall 
of the river by means of a diverting dam of pile and timber con- 
struction and a canal. The head developed is about 12 feet. The 
diverting dam is situated just above the bridge crossing the Bow river 
at Ninth street west, and the intake and canal are on the south side, 
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the canal following the south bank for about one-half mile. Advantage 
is taken of small islands or gravel bars, and these, together with tim- 
ber pile structures, form the stream side of the canal. At the lower 
end an island forms the north side of the canal, or forebay, the original 
channel between it and the mainland forming the tail race. The pre- 
sent installation is for 600 horse-power. 

The development is not on a permanent basis, and cannot be 
a very efficient one, though, with such a small head, and the restricted 
flow of the river that exists, no very large expenditure of money 
upon its development would be warranted. 

This plant supplies current for lighting in the city of Calgary, 
having a franchise for the distribution of power. The water-power is 
supplemented by steam generated power, and in consequence the ser- 
vice is liable to very few interruptions, though, during the winter 
season, ice interrupts the operation of the water-power plant for con- 
siderable periods. 

Lake Louise Power Plant.—An interesting power development in 
the Bow basin is that operated by the Canadian Pacific Railway Com- 
pany in connection with the hotel at Lake Louise. This plant sup- 
plies light to the hotel at the lake, the station, and surrounding houses 
and buildings. During the summer of 1912, the plant was enlarged 
and changed, and the output increased. 

The original plant was operated under a head of 45 feet, obtained 
by means of a concrete dam 75 feet long, built across the bed of Louise 
creek about a quarter of a mile below the outlet of the lake; from the 
intake, a 16-inch wood-stave, pressure pipe leads to the power house, 
the head being secured from the natural fall in the creek. A 35-k.w. 
machine, belted to the turbine, together with a switchboard, formed 
the station equipment. 

The new installation, rendered necessary by the increased hotel 
accommodation, involves a concrete dam placed at the outlet of the 
lake, and forming part of the intake. The structure is in the nature of 
a bridge, having the spill sections situated between the piers, and is so 
built that the former high, low, and normal levels of the lake will still 
obtain. } 

Leading from the intake to the present power-house is a 20-inch 
wood-stave pipe line about 1,800 feet long, and giving a total head of 
130 feet. The power-house has been enlarged, and a new unit con- 
nected to a generator of 75 k.w. installed, which, together with the 
other unit, can give an output of about 130 horse-power. 

Horseshoe Fall Plant.—The largest completed power development 
on the Bow river (see plate facing page 208) is that of the Calgary 
Power Co. at Horseshoe fall, about 50 miles west of Calgary, where 
one of the very few concentrated falls on the Bow river is utilized. 

14 
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At this point the river flows through a deep gorge, the walls and 
bed of which are formed of shale, banded with sandstone. At the 
point of development an anticline crosses the river. The rock has been 
considerably eroded, and there is a descent of approximately 25 feet. 
A concrete dam has been built across the gorge upon the lip of this out- 
crop, and this, with the natural fall, produces a head of 7/0 feet. 

The dam is:of solid spillway type, with an inspection and drainage 
tunnel. In addition to the spillway, there are eight sluiceways pro- 
vided to take care of flood discharges. Four are simply stop-log open- 
ings, and four are supplied with sluicegates. The spillway section is 
140 feet long, and, with the sluices, can discharge a flood of 40,000 
c.f.s. 

The intake structure is distinct from the dam, and occupies a 
position adjacent to it, approximately parallel to the stream flow. The 
water, which is admitted through racks and concrete chainbers to the 
penstocks, is controlled by means of stop-logs and butterfly valves 
placed in the inlet chambers. 

Provision has been made for four penstocks. The smaller ones are 
9 feet 6 inches in diameter, and the larger, 12 feet, each delivering 
water to a single unit. They are approximately 250 feet in length, 
supported upon concrete piers, and protected from possible interfer- 
ence from the river at the lower end by a concrete wall. On account 
of the severity of the climate, it was considered necessary to house 
them, and a frame structure was built enclosing them for their full 
length. 

The power-house, the main portion of which measures 118 feet by 
56 feet, is situated in the gorge below the dam;; it is of steel, concrete, 
and brick construction, and houses the turbines, generators, exciters, 
etc. At the rear of the power-house, and partly over the penstocks, 
the switch and transformer rooms are built. The tail race is pro- 
tected from back water in time of flood by means of a wing wall, 
which separates the tail race from the river for some distance below 
the power-house. 

The complete turbine installation consists of four turbines of the 
horizontal, double runner type, in steel wheel-cases, and two exciter 
turbines of the single runner type, the latter being of 330 horse-power 
capacity each. Two of the main units are of 3,750 horse-power cap- 
acity. The other two main units are of 6,000 horse-power each, and 
are controlled by Lombard governors. The smaller units are direct- 
connected to two generators of 2,500-k.v.a. capacity, being 3-phase, 60- 
cycles, 300-r.p.m. machines, and operating at 12,000 volts. The other 
two units are direct-connected to generators of 4,000-k.v.a. capacity, 
operated at 12,000 volts, 3-phase, and 60 cycles. The exciters are 
175-k.w., 125-volt, and 700-r.p.m. machines. 
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The current is carried from the machines to two busses, one sup- 
plying the lines to Exshaw at 12,000 volts, the other supplying the 
step-up transformers, which raise the voltage to 55,000 for the Cal- 
gary lines. The transformer room contains four 3,000-k.v.a., 12,000 
to 55,000-volt, oil-insulated, water-cooled, 3-phase transformers. 

The company has three transmission lines in operation, one extend- 
ing to Exshaw, a distance of eight miles, and the others forming a 
duplicate line to Calgary. | 

The Exshaw line supplies power to the cement plant at that place. 
It is a double-circuit, 3-phase, 12,000-volt line, strung on wooden poles; 
the six conductors are of No. 00 aluminum stranded cable. A tele- 
phone line is strung upon the same poles, and also a ground wire. The 
transformer station at Exshaw contains four 700-k.v.a. 12,000 to 600- 
volt, oil-insulated, water-cooled transformers, with lightning arresters 
and switching apparatus complete. 

| The transmission line to Calgary is in duplicate; 
aka of each is a single circuit, 3-phase, 55,000-volt line, the 
ransmission ; fs } f 
conductors being No. 0 aluminum, with telephone line 
and ground wire, carried on 40-ft. wooden poles. For the first ten and 
one-half miles from the power-house, the lines follow the line of the 
Canadian Pacific railway; they then separate. Line No. 1 turns south- 
east and joins the road outside the Indian reserve; thence it follows 
the Springbank road to within eight miles of Calgary. The total dis- 
tance is nearly 51 miles from the power-house to the Calgary sub-sta- 
tion. The second line, from the point where line No. 1 turns south- 
east, runs about eight miles north of No. 1 to the south-east corner of 
township 24, range II, and thence to the sub-station parallels the other 
line. These lines transmit the power output of the plants at Horseshoe 
fall and at Kananaskis fall. 

The Calgary sub-station, the capacity of which has recently been 
increased, provides for delivery of power to the city and the Canada 
Cement Company at three voltages, 12,000, 2,400, and 600 volts. This 
is accomplished by means of 3,000-k.v.a. and 1,250-k.v.a. transformers, 
with the necessary switch apparatus. 

Kananaskis Fall Plant.—The site of the Kananaskis Fall plant (see 
plate facing’ page 208) is at the fall of that name on the Bow river. 
This fall is about two miles upstream from the Horseshoe Fall plant, 
and immediately below the junction of the Bow and Kananaskis rivers. 

The total descent occurs in four sections, first, the rapids above the 
fall, and then a series of three falls, giving a total descent of, approxi- 
mately, 55 feet. Above the rapids, the Bow is wide and fairly shallow ; 
the banks are comparatively low, gradually increasing in height to the 
head of the falls. Below the falls the banks are perpendicular, the river 
flowing through a wide cafion. The banks of the Kananaskis are high, 
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and, on the west side, perpendicular, rising at least forty feet above 
the water. On the east side, the slope is more gradual for the first 
few hundred yards, but, beyond, they are high and abrupt. 

The Canadian Pacific railway crosses the Kananaskis river about 
250 yards above its mouth, and crosses the Bow river about one mile 
above the fall. The presence of these bridges affects developments at 
this point. 

The dam, at the head of the fall, diverts the water 
into a canal excavated on the south bank. The water 
is conveyed by the canal to an intake structure provided 
with racks and gates for controlling the flow. From the intake the 
water is conveyed in pressure tunnels to wheels placed in concrete 
scroll chambers situated below the power station, and thence, in draft 
tubes, to discharge tunnels leading to the river. The plant is designed 
for a working head of 70 feet. 

The dam (see frontispiece) raises the water to an elevation of 
4,198, which was determined by the elevation of the lower chord of 
the Canadian Pacific Railway bridge across the Kananaskis—4,204.75. 
The top elevation for flashboard and stoplogs, authorized by the 
Department, has been fixed at 4,198.75, or six feet below the bottom 
chord. The dam is built upon a ledge of rock extending practically 
across the river. The first section, approximately 200 feet long, is 
nearly parallel to the centre line of the canal; the shore end of this 
section is in the form of a retaining wall, while the outer 180 feet, or 
that portion nearest the angle, is of the spillway section, comprised of 
nine 17-foot openings, with 3-foot piers between. 

The central section is 174 feet long, and is provided with eight 
17-foot openings, with 3-foot piers between, and one 24-foot opening 
in the form of a spillway. The section is built partially upon, and 
partially below, the ridge rock mentioned, and is provided with two 
inspection tunnels, one above and one below the ridge; drains lead 
from the face of the rock to the inspection tunnel. In addition, a line 
of holes was drilled along the face of the dam down through the rock, 
and grouted, to close any seams that may underlie the dam. 

The third section, forming the connecting link between the cen- 
tral section and the north bank of the river, runs upstream, making an 
angle of about 30 degrees with the centre portion. It is 268 feet in 
length between abutments, and is provided with sixteen 18-foot open- 
ings, with intermediate piers seven feet thick. It is proposed to control 
these 18-foot openings with stoplogs operated from a deck running 
the length of the dam, the bottom of the deck being at elevation 4,205. 
The elevation of sills of these openings has been finally determined as 
4,181, working level being 4,198, which may be raised to 4,198.75 by 
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flashboards. This section is also provided with an inspection tunnel 
extending to the north bank, and having an extension in the form of 
a drift leading into the rock forming the north abutment; by means 
of this drift it is expected to cut off possible leakage around the end 
of the dam, and minimize danger to the structure in that respect. In 
addition, holes were drilled in front of this wall, and then grouted 
under pressure. Access to the inspection tunnels is gained by means of 
a shaft in the block, forming the junction between the second and 
third sections. This shaft leads to the tunnels, and also has an open- 
ing to the lower side of the dam; there is also a shaft in the north 
abutment of the dam, leading to the tunnels. 

The discharging capacity of the structure is given below in 
tabular form. It should be noted that, with the exception of the roll- 
way and log run, the discharge is dependent upon manual operation, 
and is not automatic except above elevation 4,198. 


DISCHARGING CAPACITY OF KANANASKIS DAM 


Discharge, 

Discharge, || Discharge, | '8,tet tt 
? | through in sec.-it,, sluiceways Total 

Elevation of eer EN through Daca discharge, 

headwater* | “VY ‘ | rollway and log sec.-ft. 

sluices. Epi eae Sane at 

el rida (automatic) vA “4198 

(automatic) 
4,195 34,600 
4,196 38,400 
4,197 42,400 
4,198 46,100 
4,199 51,240 
4,200 57,220 
4,201 64,250 


The canal is excavated in rock, sand and clay. Owing to the high 
angle of dip, the rock surface appears as a series of saw teeth, the inter- 
vening spaces being filled with clay, sand, and gravel. Through the rock 
section, the canal is 72 feet wide, and, in the earth, 40 feet wide on the 
bottom, and 80 feet wide on top; the bottom elevation is 4,183. It is 
approximately 650 feet long. 

The forebay to which the canal leads is divided into two bays, one 
for each pressure tube, and these again are divided into two openings 
by central piers. The openings are controlled by means of Tainter 
gates, though stop-logs, working in guides, may be placed in the en- 
trance piers. Each bay is 34 feet wide, and each opening 14 feet, the 
dividing pier being six feet wide. The method of operating is 
mechanical. 


*Elevations are above mean sea level, 43 feet having been added to original 
figures. 
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Wide passages from the forebay to the pressure tunnels, which are 
of reinforced concrete, afford easy access to the wheels situated in 
wheel-pits below the power-house. 

The power station is built in excavation near the 
Power Station river bank. ‘The necessity of placing the station in 
and Equipment s : ye 
excavation was determined by the economical length 
of solid steel shafting connecting the generators and turbines. The 
sub-structure is of concrete, and the superstructure of steel and hol- 
low tile construction. 

In addition to the electrical and hydraulic equipment described 
below, the station is provided with a 50-ton crane, pumps, etc. 

The electrical equipment consists of two vertical shaft type, direct- 
connected 3,750-k.v.a., 12,000-volts, 3-phase, 60-cycle generators, to- 
gether with necessary exciters and motor generator set, switch ap- 
paratus, etc.; 12,000-volt busses are direct-connected to the Exshaw 
line, no step-up transformers being used. With this arrangement 
power may be delivered either to Exshaw or Calgary through the 
Horseshoe Fall plant, the two plants being connected. 

The turbines are vertical shaft type, each of 5,800 horse-power 
capacity, with scroll cases formed in the concrete, giving easy en- 
trance to the wheels. The method of installing these wheels is similar 
in many respects to that used at the large plant at Keokuk on the 
Mississippi. 

Jumpingpound Creek 

Jumpingpound creek is an important tributary of the Bow river, 
rising in numerous branches north of Fisher range and south of 
the Stoney Indian reserve. It follows a very irregular course in a 
general north-easterly direction, joining the Bow river from the south, 
25 miles above Calgary. 

The following is a summary of discharges at the gauging station 
established by the Irrigation branch of the Department of the Inter- 
ior, near Jumpingpound: 


MONTHLY DISCHARGE OF JUMPINGPOUND CREEK, NEAR 
JUMPINGPOUND P.O., ALTA. 
(Drainage area, 187 square miles.) 


Discharge in second-feet 


Month Maximum | Minimum Mean Per nan oue 
mile 
1908 
1G 1 COPEL OO AE DD SURG ADMIT IN AMM ON 829 236 414.8 PAA | 
TAY Reeaiee ee eh alle eluate Lonmin 186 57 101.9 54 
AeUSt Gy, ier RE SNOT DULL: b/ 27 49.7 a 
SEOLEMbOE uN iunnwe ae Wa ay, 20 28.7 AS 


Cctoper i CS-ZOy Mey seein eae ee 40 27 39.5 21 
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MONTHLY DISCHARGE OF JUMPINGPOUND CREEK, NEAR 
JUMPINGPOUND P.O., ALTA.—Continued 


Maximum | Minimum 


Month 
1909 
LN gh Ie Ue MER NE ag Set pi ne 491 
EES Shun re Tae er ee ile eel dG UN 311 
1D RUNGE ER Cege RPO EO AA 236 
BRUISE aie UNCON aig Ua 117 
PEPECMIDED We ey sls wy pole alecalhialaiels 27 
Re ENMU a sett pimiuiide Ula alae 20 
1910 
PS EEN COO Prepay ae neta clea ais 16 
AS ORS AOR nC AAS Rr 2s 
Pee PIN eel erent Oe UI hos hie 76 
J COU GIN ORNS ILE tae a A 16 
PUIRUIBE eV amerr ok ere cd wk nl vd 
PEDERI DOE A YL allay, wunhtba 117 
PDCLGD OT are Ode GUC a i 40 
1911 
UIA ently AED E> REAL ai 6 BORO OD 392 
MO ROM aii mre MUN LN 548 
A oak A oa a A A AA RR 548 
REN akg alE bile eee unreal SU 1,200 
PR OECICE ret. Oo yeni MT ih 366 
Deroner CEO) ig PAP ee nt 156 
1912 
ipa Reg dig Mil area eda Pn TAR OR NO 220 
“4 le ae nO ae eae ERD 308 
MRE ie icntn a Re ang tne A aml Nid AB, Lh 772 
LEE nb By GN EA TARE A OPN SRDS OED AU 1,384 
Hci 5 SCC an cal dag a NE SL 333 
Septem per) ey Le May les 276 
UTD) OCC) LAD ene AN NG HAL Nr " 131 
POVEMIDET CLL OD) yi race waste 950 
3 
PEDO R SOU A) ec late cma ia Bi 196 
PAM Oran ce tine ache ea yee 441 
Pe EAN REE ht ARI iy WAP Nak Voy 778 
1 EON a ONDER CUE TR Ue aR 240 
MERIC er RU MN ter ad Bae Teil 374 
PLOT NOes hoe ees Gatiesiente ai alot 137 
PLO EE 7A) sini ieiahel Sib wreto ule LOMO R IN Grates 32 
1914 
OE ERE Teas eS Rn nee eA 456 
NES TE SU EAE ATAU AR GEA OI Pl 78 
PIATRA GMA She v ne Ron uolans UU t Rah, 111 
27 6 FIRE TORRID AP AEC A BER UR a 111 
CEES OS IRN ANC CSICUNY SU A RU aD st 
OEE US oR OS a 19 
0 EEN NET a A LA eG 70 
1915 
REA LS) kia y Wehr aR eN sine 216 
a RES CHEERED tie. SATE Rea ee 48 
Putra ce, emt uo saat 973 
ah NG Sve Rhee oD Sater Da 5,784 
ERR a eae pts ie atale ive 3,336 
Bete Ree Vl ice hal Maka ay Mae 1,054 
MIDORI T he stole ery wens Riis bai 169 
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Ghost River 


The Ghost river, which enters the Bow on the north side, about 35 
miles west of Calgary, is 40 miles long, and has a drainage area of 367 
square miles. Eight miles from the mouth, it divides into the Main 
branch and the North fork. Seven miles farther upstream, the main 
stream divides again, one branch retaining the name Ghost river, and 
the other being known as the South fork. 

The sources of these three branches are at about the same altitude, 
8,000 feet above sea-level. The South fork rises on the east slope 
of the Fairholme range, and issues, through the gap between End 
mountain and Saddle peak, into the foot-hill country; in a distance 
of eight miles, it descends 2,000 feet, or 250 feet per mile. The main 
branch of the Ghost river rises on the north side of the Palliser range; 
it flows south of Devils Head mountain and out into the foothills. The 
descent of this part of the Main branch is not as steep as that of the 
South fork, being approximately 133 feet per mile; the valley through 
which it flows is wide, and covered with gravel and debris carried down 
by the mountain tributaries. The North fork rises on the eastern slope 
of Castle Rock; its slope is more gradual than the others, and the 
major portion of its drainage area is in the foot-hills; it has numerous 
tributaries which rise in the swamps and sloughs. 

Studies of this river have referred mainly to storage possibilities 
rather than to the development of power, but, even for storage pur- 
poses the Ghost is not well adapted. It might be considered advis- 
able, at some future time, to create a storage of 4,000 acre-feet for 
the benefit of power plants on the Bow river, but any greater storage 
seems impracticable. 

The following is a summary of discharges at the gauging station 
established by the Irrigation branch of the Department of the Interior 
at Gillies ranch: 


MONTHLY DISCHARGE OF GHOST RIVER, AT GILLIES RANCH, 
ALTA. 


(Drainage area, 360 square miles.) 


Discharge in second-feet 


Month Maximum | Minimum -Mean Per epee 
mile 
1911 
August (17-31) 1,118 532 773 OAS 
September 1,235 359 505 1.40 
Uieteber y's ich) GR e te tees an eae: 359 228 291 81 
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MONTHLY DISCHARGE OF GHOST RIVER, AT GILLIES RANCH, 
ALTA.—Continued 


Discharge in second-feet 


Month 


Per square 


Maximum | Minimum Mean gs 
1912 
LADY isk s /hutye ecldhl a aleNY wn Gs -ohels oy 4 144 100 128 Deis 
February ..... Ne NAD a SEE a 112 96 99 ‘er 
SEG S ru Real eh. als 137 96 115 32 
FST RUE RCE EOE GE ONO aR 342 76 134 37 
MRR CRO ens Ney eye gnats 748 133 358 99 
Pune wis). ec rea. ME ESS oh 1,371 96 300 83 
MENA iis 21h tph bard's nee Giohobs whae 1,695 219 1,073 2.99 
PERSE eT adalat sia, Slew pals 1,101 498 653 1.81 
SOMUCIEDER (Iba ccue orld tetas fat 670 449 545 1 Wo 
Cieneinee Mit dar ibys eth ney il 486 ass 395 5 
PVE NO Riis Gores Ue OU Gel dana 338 180 278 ay, 
DISS To galled aa TR a Coan 294 176 196 54 
1913 
RUA tre ieee are k chide unr as 176 132 148 411 
POEWGL Yale. el eile la ois euwiere bral ea 143 112 132 .367 
BEBO ee led See eee a ees 126 88 108 .300 
PRUE ae ies ave irae fa ae aaligh yh hig tke 572 88 212 .589 
ee eet x y's reais i ah a4 645 96 316 .879 
MANO eee Ce ae MAAC LY Steet wilh 1,225 143 371 1.03 
ARO AY oh A UA ck PSs 777 400 553 1.54 
PRISE ae Sco e eatire chee Seats Gre 600 344 428 1.19 
EOP COTEE. Vicki) cis! e Mee oly mul oak 488 311 B03 .98 
OO Ber ey ate dios 316 231 289 .803 
Poy MOTE 4325 iss ae Slalels vi aec veh G 287 192 230 .639 
WIRECTEE, oo ae oe he ere ee 242 170 189 525 
1914 
PAMIATY, | is lhe as Te I I 174 94 150 .416 
PCD eAry  OR Weae Ne ae, 124 91 107 .297 
JES NAR en OU ake a ROE 8 128 95 113 314 
PEE roles Hele R Sine Sues 212 92 144 400 
SLR en BEER Fn SAY SPREAD tg 215 113 168 466 
1 TESA STE AARC Ae Re TE 348 151 268 745 
PAT yee sr hrele aUliel baa datas ge is 348 250 276 .766 
HOSE GN OU 2 256 204 243 .675 
SUES a RB ae OE ea 261 Nae 1 206 NY 4 
PRONE T alot te renee eka ee ea 320 199 Zes .630 
INOVONIDER) #1 odie kd sales diet baited s 230 172 187 2520 
POPCOCADEE Tn atrrecc ekS Pelee ek os 163 98 113 .309 
1915 
ORTEUE YG veh eer a Aut dhe wg bigs a 118 92 107 285 
POO SUAPY) Vinee Cu ee atu bwete: 98 90 94 WA | 
PEC), Py et ee 98 91 95 253 
FOS CT TERRY I ee aay Ma ae 1S RIS ee 195 93 135 360 
BAe esti | bey th APA ee wa 550 145 334 890 
PREG Mth ya sty’ eal ea ne Conant bah 8,440 350 1,301 3.470 
Pres aE PAM a ates af 2,825 576 1,453 3.870 
COSTS GOD Se aia oS, ee 2,245 560 986 2.630 
DESPRUIDET A sda ese oe kes oats 775 490 574 1.530 
MCC OT” ... s's)3 Vatu eeeae caw edie 490 342 417 1.110 
Poeroeiper: } i. To8 o i ee a re: 445 265 314 .837 


Pepeeai ber ok ue Lee key 475 167 244 .651 
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Kananaskis River 


The Kananaskis river has a drainage area of 406 square miles 
between the lakes and the Bow river. It flows through a narrow valley 
confined by high mountains—the Kananaskis range forming the west 
boundary, and the Opal range the east. The tributaries are small 
mountain torrents; they are short and steep and carry down large 
quantities of gravel and detritus. The river valley is, on the whole, 
wide and flat. Where this is not the case, the stream flows between 
alternating high, rocky cliffs and gravel and clay banks, the latter 
being moraines. The valley floor is deeply covered with this deposit, 
through which the river has cut its way; where the valley is wide and 
flat, the stream is continually changing its course, especially during 
the high-water season. At one point, about four miles below Lower 
Kananaskis lake, a fall of approximately 25 feet occurs; for the rest of 
the course, no abrupt descents occur but the fall is considerable. 

Investigations regarding possible storage on this river, in connec- 
tion with the power-sites on the Bow, have revealed three favourable 
situations, at three-quarters, six and nine miles, respectively, above the 
mouth. ‘The total storage capacity at the three sites would be more 
than 33,000 acre-feet and, in addition, it would be possible to produce 
1,000 h.p. at the lowest site. 

The following is a summary of discharges at the gauging station 
established by the Irrigation branch of the Department of the Interior 
near Kananaskis: 

MONTHLY DISCHARGE OF KANANASKIS RIVER, NEAR 


KANANASKIS, ALTA. 
(Drainage area, 395 square miles.) 


Discharge in second-feet 


Month Maximum | Minimum Mean Per Sayale 
mile 

1911 
September tev ceeds Mae eC hy 1,168 430 715 1.81 
COCLABET Soi aR O LAT AB Mut Pay ake 415 187 300 76 
Noveniber GIT iwi aii a 187 111 152 .38 

1912 
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PROBE TY. Voi OUR ON RMN ARCs ip 132 118 129 133 
HY 5 od ¢ DME IME he AMC LN RN, 0 aaa 132 113 129 Be 
ae | RR BMIaRe IMA a (CH aa Ge © aa 149 108 128 {32 
1 2 aR ONO SC) SR AA Ra 866 120 477 1:28 
A ae ga LO Cl Uae RID 8 cae 3,006 478 1,582 4.00 
OS Us CA WRIA CERCA RIN Tg 3,258 L262 3): 1,996 5.04 
PU AESE UPN al EMILE (SN a Ce aan 3,222 1,014 1,424 3.60 
September (yea ae nels 898 424 653 1.65 
GF 5a FY) IRSA UR ea MUON OUR rR 2 USNR 414 314 376 .95 
OVERDO i ihantccineuinuncnudeeeheyi EM Ha 252 64 
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To accompany report on Water Powers of Bow River, by J.B. Challies. C.E. 
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Bow River, by J.B. Challies C.E. 
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LAKE MINNEWAN KA STORAGE 


Diagram shewing Discharge in Acre-Feet, from Jan. I9Il_ to Aug. 1912 
pedesbll gy Hh” 8) 
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LAKE MINNEWANKA STORAGE 


Hydrograph of Mean Monthly Flow, from January {9!! to August 1912 
—— showing 


Conditions imposed by_a constant Run Off of 150 SecFt. 
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To accompany report on Water Powers of Bow River, by J.B. Challies C.E. 
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MONTHLY DISCHARGE OF KANANASKIS RIVER, NEAR 
KANANASKIS, ALTA.—Continued 


Discharge in second-feet 


Month Maximum | Minimum Mean ieee nae 
1913 
AMET Wha: Aue trk tee osc wld Ble 195 134 168 .426 
FERAL MMU Ki WSC ie bag 190 140 169 .428 
Ee ee Te RN tue ar LAD ANL haus 170 112 136 345 
PATA MR AON MEE, ING Le MEM. NEE 258 2 178 .451 
NIE Ne IW i ih i lee slide kal 1,648 173 492 125 
TEES UN EA AN NI OR TDI eG AE Ud 2,150 1,406 1,712 4.34 
ee EG Sela A Cue Me LENS 1,545 913 1,245 315 
PRI AIB Es mi ieie ecu al Nu nle S oi 1,685 1,015 1,277 Rye 
OE ES er RN Lae Da Nm lA 1,731 700 989 2.50 
ET nt ad a MEO URL GA aR 764 286 507 1.28 
DOr ermumeny Ay cccn Micki uuialcah, 340 258 306 775 
JONMDES ETT av) al AA HLA RO 277 200 226 BaF 4 
1914 
Paar sauce ae aN ast, 206 81 142 .360 
POET a hE SUNG ANC Eae MAN Hen ‘180 75 133 Sov) 
ish Eh aC NO A CRS MT RL LOI 180 127 153 388 
PERETTI Sle Fee IoC oe RA | Re 224 139 169 428 
pC DOL TU AER Rae AL AC Ua 1,162 249 722 1.830 
TERE OOM UA Ua RENN a LN a tig 2,370 1,090 1,653 4.180 
Gare? Gidley lol Mee OR A I UO gl 2,168 1,096 1,702 4.300 
PU UAA TIAN iets snesiide uy Jie. EN La 1,198 700 961 2.440 
PCL CINCE ele io minima aus orc cany hs 720 489 599 1.520 
CPL O Er ee eure aks 700 426 nik He 1.370 
ING VETADED Siti rus DU iO 412 252 ole 787 
FSCO BEL) Ni) ee isl ear AOL BN 275 110 197 -500 
1915 
Ue MES eT WOR OIMLE ee Ra MRR 123 79 97 .249 
PGREM ATU et eam rh aa Nal (Soy 163 97 145 M72, 
NEC R E SO a ua oe Da) 163 OF 133 341 
PTAA ORL SE LNG RU YURI UL RRNA, 383 128 200 513 
UE Te Ge OS LEME I aN OBE ARN nT 1,296 461 921 2.360 
SY LOM a nk RD NA EN 5,380 1,109 1,893 4.850 
A 5 5) AU 0) 2 SHUI a 3,217 1,589 2,010 BitS0 
PROMECS DN UNI clita tc tNic Peds, Uns 1,645 1,119 1,363 3.490 
DEOCOMI DEL ae Colo utr may Leno Nt 1,119 646 FS 0 Ra 2.080 
CPE EY I ee ON Gh aire! Lae PN 630 383 480 1.230 
Leg fot CEL CEL AMA REPO eK TCR RR 400 296 328 .841 
PREG RAED un eye ie hei Miah din tas 298 204 266 .682 


Cascade River 


Cascade river, one of the most important tributaries of the upper 
Bow river, is of particular interest in connection with the Minnewanka 
Lake storage and power project. ! 

Minnewanka Storage and Power Dam.—This concrete structure, 
100 feet long and 55 feet in upstream height, was built by the Cal- 
gary Power Company primarily to furnish storage in connection with 
that company’s power plants at Horseshoe fall and at Kananaskis fall. 
As the dam was constructed in a cafion at the junction of Cascade river 
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and Devil creek, and immediately above a power site on the Cascade, 
the Dept. of the Interior took advantage of the situation. The com- 
pany’s original plans had provided a simple concrete structure with 
four spillway sections, but, upon demonstration by the Water Power 
branch of the possibilities of a future power project, to be constructed 
and operated in the interest of the Rocky Mountains National Park, 
the company readily agreed to alter its original designs, and have one 
of the spillway openings used for an intake for the project. Accord- 
ingly, in place of the fourth sluiceway to the left of the dam, a pen- 
stock opening has been provided, with all permanent works necessary 
for racks, intake piers, stop-log openings, etc. A steel thimble, to 
form the intake end of a penstock five feet in diameter, was placed. 

This dam was commenced early in March, 1912, and hurriedly 
completed in time to store the summer’s flood of 1912 for use dur- 
ing the following winter. 

Cascade Power Project—The cafion of the Cascade river, in which 
it is proposed to develop power, is about seven miles from Banff and 
lies directly below the junction of Cascade river and Devil creek, the 
latter carrying the discharge of lake Minnewanka. The area tributary 
to the river at this point is approximately 220 square miles, of which 
lake Minnewanka forms about 6 square miles. The greater portion of 
this basin lies at considerable altitudes, the entire water supply com- 
ing from mountain streams, springs, and glaciers. 

As the project lies wholly within the Rocky Moun- 
Jurisdiction of = tains Park, any development at this point will be 
nh a agi under the jurisdiction of the Parks branch of the De- 
partment of the Interior. All privileges, such as land, water, and 
rights-of-way, are vested in the Crown. The natural conditions on 
the river no longer obtain, since the storage and regulation works are 
complete and in operation; but the influence of these works upon the 
operation of a power plant at the point contemplated will be entirely 
beneficial. 
In authorizing the construction of the Minnewanka 
Joint Benefit dam by the Calgary Power Company, it was realized 
of Storage ; y 
that this company would not be the only beneficiary 
from the storage created; that it was very probable that other plants 
on the Bow river would be built, which would receive direct benefit 
from this storage. Provision was made, therefore, for the absolute 
control by the Dept. of the Interior of the operation of the dam. Provi- 
sion was also made for reconsideration and reapportionment of the 
rental payable to the Department by the Calgary Power Company or 
any other company deriving benefit from the storage thereby created. 

With respect to the proposed power project on the Cascade river 

immediately below the dam, provision was made for discharge or re- 
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lease through the dam of a continuous minimum volume of water of 
150 cubic feet per second, which may be used for power purposes 
within the Rocky Mountains National Park. The release of such water 
through the dam shall at all times be under the full control of the 
Department. 

During the early part of the flood season, water will be stored in 
Minnewanka lake. This storage should be completed not later than 
July 15, in any season, after which date water will probably be wasted 
over the dam. A flow over the dam, greater than 150 second-feet, is 
practically assured during part of July, August and September, so that 
the greatest power will be available during the summer months. This 
period synchronizes with the time of heaviest tourist traffic and of 
consequent heaviest power load, a very fortunate combination of cir- 
cumstances. ; 

It is to be noted, however, that the tourist traffic 
Tourist Traffic in Rocky Mountains Park during the winter months is 
steadily increasing. With vigorous encouragement of 
the use of this park, it is probable that, in the not distant future, the 
power load during the winter months for park purposes will be equal 
to, if not greater than, that for the summer months. The Minnewanka 
dam produces at least half the available head to be developed for the 
Cascade power project, the other half being due to the natural fall of 
the river between the dam and the proposed power site. As the pond 
above the dam is primarily for storage purposes, there will necessarily 
be a fluctuation in level. This will not, however, affect the head un- 
favourably, for the low-working head will occur during the winter 
months, when the load will be small, at least for the early stage of the 
development. 

As the Minnewanka dam provides a total storage possibility of 
58,080 acre-feet, of which 44,080 acre-feet only is guaranteed to the 
power company, 14,080 acre-feet of surplus storage can be made avail- 
able for the Cascade project.. This surplus storage will allow of a con- 
tinuous flow of 200 feet per second. The available head, when the 
storage basin is full, will be 64 feet, of which 60 feet may be assumed 
to be effective head. With this head, and a flow of 200 second-feet, 
an electrical output at the power station may be secured of at least 900 
horse-power, of which 825 horse-power could be delivered in Banff 
ready for delivery to the consumers. Owing to the loading conditions 
imposed, this flow of 200 c.f.s. could not be utilized continuously, and 
hence an overdraft for peak loads would be available of probably 330 
c.f.s.. It is on this basis of flow, 7.e., 330 c.f.s., that the proposed devel- 
opment has been worked out. 

Under the method of development contemplated, it is proposed to 
construct all the general works, such as power station, tail race, etc., 
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for the full capacity of the plant, but only sufficient equipment will 
be placed in the station at first to develop two-thirds of the proposed 
station capacity, the remainder to be added as the demand warrants. 


The scheme of development has been worked out 
sid sy of by the engineers of the Dominion Water Power 
evelopment : ' ; " ; 

branch, in collaboration with, and under the direction 
of, Mr. C. H. Mitchell, whose full report has been published in the 
annual report of the Dept. of the Interior for 1913-1914. 

Dam.—The Minnewanka storage dam at the upper end of the 
cafion, to be used as an intake for the power project, is of concrete 
masonry construction, and is provided with means for discharging 
water either through stop-log spillways, or through a low level sluice- 
way controlled by a gate valve. 

At one side of the cafion one of the stop-log openings was modified 
to be used as an intake to the penstock, provision being made for 
screens, and a steel thimble five feet in diameter inserted in the open- 
ing to provide a connection to the penstock. This thimble is set at 
such an elevation that the water may be drawn down in the basin with- 
out breaking the water seal on the entrance to the penstocks. It should 
be pointed out that the power project begins at the outside end of the 
thimble; the cost of the dam, thimble, etc., is charged against the cost 
of creating storage. 


Penstock or Flume.—The penstock connection to the thimble will 
lead along the cliff for a short distance, and then enter a tunnel driven 
in the rock along the south side of the cafion; the tunnel will connect 
with a steel penstock so designed and placed as to provide an unsup- 
ported crossing of the river at this point. After crossing the river, 
the steel penstock will join one of wood, seven feet in diameter, which 
will convey the water to a point just outside the power house; it will 
be under pressure, and generally in cut, though, for a length of approxi- 
mately 150 feet, it will be carried above the ground on concrete piers. 

The lower end of the penstock at the power-house will be steel 
pipe, eight feet in diameter, from which the necessary connections to 
the turbines will branch. These branches will be fitted with valves to 
control the flow, and the penstock itself connects directly with a steel 
surge tank built upon the side of the hill. The tank will be approx- 
imately 12 feet in diameter, and of such height as to be above the 
highest level of lake Minnewanka, and thus prevent spilling. It 
_ will provide sufficient hydraulic regulation in the operation of the 
long pipe line. 

Power Station.—The power-house, which will be placed in part of 
the present river bed, will be of concrete construction, protected on the 
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river side by a wall, both upstream and downstream, from the power- 
house. The equipment will consist of three units; each turbine will be 
of 600 horse-power capacity, direct connected to 350-k.w. generators, 
the latter having exciters mounted on the outer end of the shaft. The 
generators will be connected through the necessary switch and pro- 
tecting apparatus to the transmission line, no step-up transformers 
being necessary. 

It is proposed to install two units at first, one of which will act as 
an auxiliary ; the third will be added when the power load demands it. 

The following is a summary of discharges at the gauging station 
established by the Irrigation branch of the Department of the Interior 
at Bankhead: 
MONTHLY DISCHARGE OF CASCADE RIVER, AT BANKHEAD, ALTA. 


(Drainage area, 246 square miles) 


Discharge in second-feet 


Month Maximum | Minimum Mean Per Sen a 
mile 

PR ae 4 
POMST LOO Bi o/h Se aia g ouR wey 714 499 624 2.54 
MS CeEDET Pal Se eek Ue eae. 501 298 411 1.67 
PCy Maly eye Ne WAV ay CuI 296 156 226 92 
Promempe tC 1-G))) suis bale wba es 175 160 166 .67 
Pontary (C14) S230 oe yee 206 70.8 148.7 61 
RLS TY MONK Lia HON 119 60.8 85.2 34 
Bacchi 27-33) eon ious 303 58 101.6 41 
LOE a SEES CE TDR EARL US ML Ap tM 261 42.6 66.6 sed 
eR seen ant AR see bee ugis KNOL 532 62.1 301.4 1,22 
LOTS EI SE La 1,500 Nil 648.4 263 
MMO Se Ue cols don RN Pl Meigs 1,500 8.5 337.8 1.37 
OO GL CED UAT TS TAS EG AS Nea ONAN ME HAD 1695, 10 788 3.20 
PRERECTIIISED Use LM IG MLG UDR cuniliay 437 Nil 289.2 1.18 
BODO ec Giseik ee weer ale ey: PHOT 1,362 Zoe 278 A Be 
OE od OR UR AON 724 107 290.4 1.18 
POPE DER ey al LU ty Noes 522 74 313.8 1.28 

1913 
TO A SER AD EN 225 128 166 .67 
ET ay SECU REO SSR SUR a TR 169 106 140 Ney 
BER Poi ee ed ig 225 150 184 75 
BAe shen elas Lelia tenant a 513 283 342 1.39 
15 80 IRE PR ARS LS RE NRO GU 551 3 259 1.05 
NE ESS RAD MRS ER CD 1,240 3 878 357 
LOM RAG aI ESOS aI TE aN 945 101 417 1.70 
PEERS Sr PRN 3 Ret oe 905 266 583 2.37 
CSUN OS UR AE ee na Ta 507 86 350 1.42 
SMM MRE NE shi bi aye NAT a 252 101 200 81 
MIR tn) ee hy ee 805 194 377 155 
OL aE eRe ORS OEE 975 374 637 2.59 

1914 
MERE as CO 0 SHAUL AON Rte 372 155 217 .88 
February tA UAR MRSA Pe PM) AT Cee 180 70 91.7 nar 
March SA SER AMET RPT as Deen Dea ae Yc Ae 164 77 98 .4 40 
RIED SLs ease aS 133 ed 90.4 37 
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MONTHLY DISCHARGE OF CASCADE RIVER, AT BANKHEAD, ALTA. 
Continued 


Discharge in second-feet 


Month Per square 


Mean mile 


Maximum | Minimum 


1914—( Cont.) 


NOVEMBER oe ORES Ri aan 
Deceniper ho 75 eee 
1915 


INNQGUERIBEL) he mer yl eek Urn ty 
Decen er ee clench e BRN ee 


Spray River 


Spray river, one of the largest tributaries of the Bow west of 
Calgary, joins that stream in the Rocky Mountains park, at Banff, 
directly below Spray fall. It is between 40 and 50 miles long from 
source to mouth, and has a drainage area of 310 square miles. About 
eight miles above the mouth, the river divides; the eastern branch, the 
smaller, flows from the valley between mount Rundle and Goat moun- 
tain. From the junction upstream, for about 17 miles, the west branch 
flows through a narrow valley, with a total descent in this distance of 
750 feet. In this stretch there are very few important tributaries. It 
is quite possible that a limited amount of power, such as that to be 
developed on the Cascade in connection with the storage at lake Min- 
newanka, might be developed on this river. 

The Spray lakes, three in number, lie to the north of the river. 
They are connected with it by a stream about one-half mile in length, 
which enters just below the mouth of Hogarth creek. As a capacity 
of 171,000 acre-feet is available, the possibilities of storage on these 
lakes are encouraging. 

The following is a summary of discharges at the gauging station 
established by the Irrigation branch of the Department of the Interior 
near Banff: 
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MONTHLY DISCHARGE OF SPRAY RIVER, NEAR BANFF, ALTA. 


Month 


1910 
CPT EG Gos 1 Up WANS i mani ee Me OP mi 
BUEN gids Pes ok ee GRRE ses 
SU OTS i An Or SER en a YR 
POT hn via ctausele gia 6 wie hae gia’ 


PRIA sl alle ss soa he eee ds 


LC eg A OS MSR 
TEST APT Gs ay Ra ne A eg A 
SA SERRA IMIR ES ASE i 
PIOVOEMIDED $id ad cea ules on’. 
VEL Oy 152) dt gb abl gage ney Rae calle ra a 


1912 
Ne ade AU Oe ae NL 
VCS Sack ag a BRD Oe 


aS AE RW geek Oy A Od A 
BIPDREOIDEL Sn ode es eke Ma es 
POPEODE Rin. Chute Mei SOR eM Sf 
Wee EG. Uris), witli ela th 
Pe OPR EID oui ars ahh «qld weet oe 


1913 
BEAL TOVee oar asc ee ies 
OCU Fg ASH Ra TA SY 


BETS E a he. 5g he'd cas hk aii Gt ee 
DEOL ORINOR oo) core aioik ee Rea moons 
CEES SY Tig SR ARO ek le «Ce Aig 
STL eR Maen 2 NG 
SoS) TS ea ee Bape aie ee a ta 


15 


(Drainage area, 305 square miles) 


Discharge in second-feet 


| Maximum | Minimum 


Mean 


1,153 
784 
490 
443 
237 


Per square 


mile 


3.78 
2.56 
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MONTHLY DISCHARGE OF SPRAY RIVER, NEAR BANFF, ALTA.— 


Continued 
Discharge in second-feet 
Month Maximum |} Minimum Mean Per i anand 
mile 
1914 
LT 3 5 Gane UREA NNO DOU CTE EM ey 150 196 .642 
PeDEUSE Yo Guia Ae Lae Cea ee 184 160 170 557 
OEY os DRAM TVS Our EMROU SARIN scat da 180 126 167 .548 
DA ise | SOUS USA NAN REL SP NCB EN: URN EY de AN 238 152 180 .590 
1 ES ed ee IAPR RR at tH ASB. SVS) 1,196 290 731 2.400 
FAS aE Ne eu ig + 3,041 1,039 1,942 6.360 
CS) aCe ME AAs eR ONCE AL ATEN 2,565 1,028 1,736 5.690 
PATRAS Er OU es ACU ND AR ait UY 1,028 562 oie 2.530 
September lM hal oe ui ake: 575 409 491 1.610 
Bye Lc) hos aR RUMI) EMER HAL A NTIS tS 625 430 533 1.750 
Migvember bois inne eu ao Maan hh 446 27 333 1.100 
LR ered CS aR MBN te USHER RV 240 150 183 .600 
1915 
TARRAL Yi we RL Ria deka ohelet 1 162 182 .617 
LEN kf ert a gaa Oo CLR RM nae No 189 167 179 .607 
bl « Me U8 HIROSE TO 187 148 172 583 
PIP CAN Lule MME NOt) NM a 519 163 276 936 
OES UR, 329 RN 909 486 675 2.290 
gE SD ATURENTRIC OS NAPA AMT TAMU tS A 2,300 760 1,196 4.050 
aA SURI Maia Ue CURR Nat DAN ip 2,085 1,188 1,477 5.010 
PN GT aa RY ar at TR SA A 1,259 691 929 3.150 
Sepbemipen WOMAN, CUR OEM, 712 405 507 1.720 
DEEODEL NV aneu cia lane Cadienemite ene 426 329 364 1.230 
Sia eth 4 Go TOPE re RED AS OL 329 210 257 .871 


POCO DET |) Cl RS ei 209) 173 193 .654 
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ATHABASKA RIVER 


Genera! outline at some of the rapids 
Approximate scale ¥/4.mile=/inch 
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Athabaska River and Tributaries 


The Athabaska is the most southerly of the three great tributaries” 
of the Mackenzie. It rises in the watershed range of the Rocky moun- 
tains in lat. 52° 15’ N., and, after a north-easterly and northerly course 
of 780 miles, empties into lake Athabaska. Thence, its waters are con- 
veyed by Slave river to Great Slave lake and from there to the sea by 
the Mackenzie river. 

Between Lesser Slave river and Athabaska, a distance of 66 miles, 
the course of the Athabaska river is first easterly and then south- 
erly. In width it averages about 250 yards, occupying a valley 350 
feet deep and approximately two miles wide. The current has a fairly 
uniform rate of from three to four miles per hour and the river is 
easily navigable. 

From Athabaska to the Grand rapid, a distance of 
Obstructions 153 miles, the general course is northerly; its width 
Scan Sant ib varies from 250 yards to 400 yards, and the current, 
except for occasional accelerations, averages from three to four miles 
per hour as far as the mouth of the Pelican river. Between Pelican 
river and the Grand rapid, several rapids obstruct navigation in low 
water, but, at medium or high water, they are easily ascended and 
descended by the steamer plying between Athabaska and the Grand 
rapid. This portion of the valley is from 300 to 400 feet deep, while, 
owing to the plastic character of the clay shales, the banks consist of a 
succession of slides. The grade of the river, between the mouth of 
Lesser Slave river and the head of the Grand rapid, averages 2:6 feet 
per mile, or a total descent of 575 feet. 

At the Grand rapid, the character of the Athabaska changes 
entirely. Its grade increases greatly and, in the next 76 miles, or as 
far as its junction with Clearwater river, there are swift and danger- 
ous rapids at intervals of a few miles. The Grand rapid is caused by 
the river cutting through a soft, sandstone terrace of Cretaceous 
formation. 

After passing the Grand rapid and the succeeding rough water, the’ 
Athabaska flows quietly for over 20 miles before rushing down the 
Brualé rapid. In this stretch the valley is deep and gorge-like. The 
banks are from 500 to 600 feet high, and are often terraced by differ- 
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ential denudation. At the Brilé rapid the stream is shallow and con- 
tains many boulders. 

The Briilé rapid is succeeded by 16 miles of smooth water, below 
which the river falls in quick succession over the Boiler, Middle and 
Long rapids; all of these occur within a stretch of seven miles. The 
three rapids, which are similar in character to the Brilé, owe their 
existence to a steeper descent than usual, combined with an accumula- 
tion of boulders in the channel of the river. 

Five miles below Long rapid, the river makes a sharp bend at 
Crooked rapid, where two ledges of limestone project into the stream 
from the right side. 

Below Crooked rapid the stream falls over several limestone ledges, 
forming Rock rapid and the Little Cascade and Big Cascade. Thence, 
it descends unobstructed for eight or nine miles, to Mountain rapid 
which, like the Cascades, is formed by a low limestone ledge. | 

The descent of the Athabaska, between the head of the Grand rapid 
and the Clearwater confluence, a distance of 76 miles, totals 410 feet, 
an average of 5:4 feet per mile. 

Below the confluence with the Clearwater river the 
aid Neen Ar character of the Athabaska again changes greatly. The 
rapids disappear and the river, enlarged to a third of 
a mile in width, flows smoothly at an average rate of three miles per 
hour. The valley increases in width, while the banks gradually de- 
crease from an elevation of about 400 feet at the forks to the level of 
the delta at the entrance to lake Athabaska. In passing through the 
delta the channel divides into several branches; new channels are con- 
stantly being opened and old ones closed by the spring floods. From 
the forks to the head of the delta, a distance of 130 miles, and thence 
to lake Athabaska, an additional 31 miles, the Athabaska contains no 
obstruction to navigation. The steamer “Grahame,” owned by the 
Hudson’s Bay Company, has been plying on this portion of the river 
for several years. 

The foregoing general description of the river may be supplemented 
by a more detailed description of its rapids and flow. During the 
summer of 1911 the hydro-electric engineer of the Commission of 
Conservation examined these rapids, and the following extract is 
quoted from his report: 

The difference of levels in the various rapids was obtained 
by means of aneroid readings; in most cases readings were taken 
when descending and checked when ascending the river. At the 
time of observation (Aug. 11 to 21) the river was unusually 
high for the season of the year; the highest water, usually occur- 


ring in June or July, is about six feet higher and the lowest stage, 
at the end of April or beginning of May, about four feet lower 
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than that at which the observations were taken. Illustrating the 
sudden fluctuations to which this river is subject, during one 
night, Aug. 23-24, its level rose some six feet, almost reaching 
the high water mark. This, of course, is unusual, and must have 
been caused either by excessive rain near the head-waters or by 
melting snow in the mountains, as it was afterwards ascertained 
that a rise had also been observed in the Smoky river on or about 
the same date, and on the North Saskatchewan river at Prince 
Albert on, Aug. 28. 

The rapids of the Athabaska river are long and have relatively 
low heads; these conditions naturally imply that the wide fluctua- 
tion in the flow of the river will materially affect the working 
heads when developed. Similar conditions occur in some of the 
rapids of the Saskatchewan river, where, to overcome the difficulty, 
it has been suggested that each turbine unit be provided with 
an auxiliary turbine which can be coupled to the shaft when the 
head is low and there is an abundance of water, or thrown out 
of use when the flow lowers and the head becomes normal. The 
problem may be solved in a similar manner when the rapids of 
the Athabaska are being developed. 

Between Athabaska and the mouth of Lesser Slave river, there 
is only one important rapid. It is simply a swifter part of the 
river occurring at a point seven miles below the mouth of the 
Lesser Slave river, where the Athabaska is divided into two chan- 
nels by an island; the descent in this rapid is ten feet in three- 
eighths of a mile. 

Pelican Rapid, commencing three-quarters of a mile below 
the Pelican river, or 41 miles above the Grand rapid, has a 
descent of twelve feet in two miles. Just above this another 
small rapid, ending at the mouth of the Pelican river, descends 
five feet in one-half mile. 

Stony Rapid, 37 miles above Grand rapid, has a descent of five 
feet in one-third of a mile. 

Rapid, seven miles below Stony rapid, has a descent of eight 
feet in one mile. 

Joli Fou Rapid, 20 miles above the Grand rapid, as indicated 
on the Geological Survey and other maps, consists of the Drift- 
wood, the Major, and the Wheel rapids; individually, these are 
of little importance, the Driftwood having a descent of two or 
three feet in a quarter of a mile, the Major, a descent of six feet 
in one-half mile, and the Wheel, three feet in one-half mile. 

Grand Rapid is much the most important rapid of the Atha- 
baska river, particularly from a water-power standpoint; it is 150 
miles distant from Athabaska, following the river, but only about 
110 miles in a straight line. The river, at this point, is divided 
into two channels by an island and the différence in elevation of 
the water at the ends of the island is 32 feet; this descent occurs 
within a distance of 2,200 feet. Below the main rapid are two 
and a half miles of rapids and swift water, called the “Little 
Grand” rapid, with a total descent of 10 feet. Above the head 
of the main rapid is another rapid, about one-half mile long, with 
a descent of 12 feet. The total descent is, therefore, approxi- 
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mately 54 feet in less than three and one-half miles. M. C. Hen- 
dry’s survey, in 1912, shows that 45 feet head can be developed: 
maximum continuous output, approximately 9,500 h.p.; for nine 
months of year 16,400 h.p. would be available. 

Between Grand rapid and. Brilé rapid, are two other rapids. 
One of these, situated at point Brualé, has a descent of ten feet in 
two miles; the other, which is about two and one-half miles above, 
has a descent of ten feet in one mile. 

Briilé Rapid is situated 22 miles below the Grand rapid, or six 
miles below Point Brilé; it has a descent of eight feet in slightly 
more than one-half mile. 

Boiler Rapid, 17 miles below Brutlé rapid, has a descent of 25 
feet in three miles. 

Middle Rapid, situated three miles below Boiler rapid, has a 
descent of 20 feet in one and one-half miles. 

Long Rapid is situated three miles below Middle rapid. It is 
three miles long with a total descent of 28 feet. 

Crooked Rapid, seven miles below Long rapid, is about one 
and one-half miles long, and has a descent of 13 feet. 

Rock Rapid, one mile below the foot of Crooked rapid, is 
one and one-half miles long, with a descent of 12 feet. 

little Cascade Rapid is three miles below Rock rapid. It has 
a descent of ten feet in two miles, and includes a stretch of swift 
water and a succession of rapids. 

Cascade Rapid is situated two miles below the Little Cascade 
and has a descent of seven feet in a distance of one mile. 

Mountain Rapid, seven miles above McMurray, descends eight 
feet in about one mile. Midway between it and Cascade rapid 
is a series of rapids or swift waters extending over a distance 
of four miles and having a total descent of 15 feet. 

Moberly Rapid, two miles above McMurray, is unim- 
portant ; the descent is only two or three feet in a quarter of a mile. 


The foregoing description covers the portion of the river below 
mouth of the Lesser Slave river. Above this point the following 


power sites are to be noted: 


Athabaska Fall, where a head of 20 feet could be developed 
to give 637 h.p. during the open season. 

Tp. 56, R. XXI, west of fifth meridian, where a head of 42 
feet would give 9,550 h.p. during the open season. 

Tp. 58, R. XXI, west of fifth meridian, where a head of 80 
feet would give 18,000 h.p. during the open season. 
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DISCHARGE OF THE ATHABASKA RIVER 


: Discharge 
Date Location Aion ae pial 
1911 
CODE Tia re te i Smart theater Ou sie ts Luis ilaK 28,783 
1912 
BE LS ileg eh eh ae at Seles Sec. 8, tp. 51, rge. 25, w. of 5 7,334 
1913 
MERORE CH Wah (CN IE 58 Ha wink PLHADASH AN Wl sia Wat 2,820 
ON A ih ed ue PENADASK a Aue cele Katy 2,368 
Da Re Se PA tHabaskaniurs uieilnecnie hy 4,313 
PCS 2 eae ieee bo wie Athabaska eae i enh 4,077 
| 


ey 


Regular gauging stations have been established on this river near 
Jasper and at Athabaska by the Irrigation branch of the Department 
of the Interior. The following are summaries of monthly discharges 
at these stations since their establishment: 


DISCHARGE OF THE ATHABASKA RIVER, NEAR HER 
(Drainage area, 1,600 square miles.) 


Discharge in second-feet 


Month Maximum | Minimum Mean Per Ne ean 

1913 
PGI IZA. scan a wiele Ca hnaeeias: 11,632 4,450 7,268 4.540 
JON 6 Sd le 20 LG Oe RRO A aN Re 13,428 5,900 8,604 5.387 
PREETI DE Hear aca ale okra fe vravai ave nant 7,390 2,422 4,114 2.571 
EN i 9) OLA DRO MNO RAGA HAC RA 3,240 1,110 1,748 1.092 
DAC OMIOOE OO heist ae Manne Oo), 1,160 650 930 2581 
SORA eR Hur ca a ee eke ales 807 351 552 345 

1914 
MEA AG I ak Cen nv ie alae ate Ne Or 354 476 .298 
SLE ER ae COO Ae 380 243 556 348 
AEN ys We 8 HEE SO i SARI a 388 271 334 .209 
EERO RTA RIAA EN OY 853 340 574 .359 
CEN, Fa AS SOE URNS GORE 5,200 820 2,379 1.488 
1 ARS EAA EU UU ER SS aN LE 13,440 3,904 8,242 ey Asp | 
TE BRUNE AMC Saar AMEE ce 16,320 6,924 11,366 7.104 
PIER CO i rel lige ale\g uate 9,780 4,670 6,512 4.070 
BRIM TIDET Ties creak din eines ies 4,876 1,908 3,191 1.994 
Her ie AOL Bawa ie abit 3,775 1,124 1,897 1.186 
BI EMADET. Uk pea kee awe CRs h2Zi2 660 857 Mose 
re Se ORR italy OSG a en 715 480 540 .338 

1915 
CMMI i ang ei ste rd lele. sahesentane 563 494 536 Me Fe) 
AEM end ic acide wee Re oe 490 438 463 .289 
MPT Nike hls he a iss hain shee bane 437 402 423 264 
SCE SUSE ST ARE SD ort ER Nig 1,430 440 752 .470 
STAN Wea Pal Ue a A ID 6,360 B35 3,955 2.472 
Tecan OW ONY A SR ER a ah 19,620 4,200 7,960 4.975 
Vi POS ETRE PARR URAND INR Aor pAb IIe ay) IN 13,070 7,230 10,055 6.284 
OTL eT IRR RD SUPE Os ARLE 16,220 9,900 12,043 7524 
me eEmDey: 5 Seeks Uae hae Ry 8,160 1,675 3,430 2.144 
TERA a ke ie a ek ON 2,130 1 279 1,592 .995 
PONE ITNINAT eee \ a ie ew cieenerae dine 1,500 620 880 .550 


TE 2 6 ak es Sa ee Se ae, REN 853 422 AVA .448 
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MONTHLY DISCHARGE OF THE ATHABASKA RIVER, AT 
ATHABASKA 


(Drainage area, 29,200 square miles.) 


Discharge in second-feet 


Month Maximum | Minimum Mean Per sh wena 
mile 
1914 
Janay Haein ouimabeat clay auras 3,500* 2,900* 3,200* Midge 
BOD ruary us endartas wis austin uate 3,150* 2,630* 2,902* .099* 
March tite econ Wis en 3,300* 3,000* 3,161* .108* 
PUD RER IG Seng een Pony nae ce aan a 12,300 3,175 4,615 .158 
Ea Cue he a obra WOM aro w ue San 18,450 11,160 13,216 .453 
FRM Se RL Raa RA 108,640 11,340 56,223 1.925 
FEM Nee eal oe eee ree 55,656 23,525 41,280 1.414 
DANE SRASE cee Th Bi AN Ma PC IN 23,525 16,040 19,358 .663 
NEPLCHWIET cht Wess Mae Le ee 17,800 11,530 13,832 .474 
mae . pe) MHA) DUO DAWRAINA) ehh NS he duty 16,900 8,700 12.572 .431 
9 
JARMSEY CPOE Ae Suns 3,890 3/000 3,669 .126 
February G08. Bae eM esa 3,640 2,860 3,202 eG 
TS ORR Re ta LU ae 6,800 3,080 4,044 .138 
POPE icc Macao atte ye sh An et 15,600 (ozs . 11,616 .398 
Ri eS PIL RRR AR OU NS ge 20,450 7,887 13,112 .449 
PATS aan eae Ua mere aN eet Gag 97,620 18,395 40,510 1.387 
RUA OSE UL OREO oa lat he 92,080 37,100 58,539 2.004 
PUTS EG 0 TOL Te ek 37,030 23,840 29,365 1.006 
DEBECNIICE Labs sic Aisle op wi arava aliens 22,300 10,590 15,007 .514 
SEI DER MTR kee ne Cele anlar 10,415 IMO | 8,929 .306 
Novem ber Wir ees ei 8,180 4,000 5,460 .187 


December it. aa. oe ee 4,010 2,890 3,340 114 


*Discharges for January, February and March estimated, as no gauge 
heights were obtained until March 17. 


Clearwater River 


The Clearwater is one of the tributaries of the Athabaska river, 
entering it at McMurray. It winds through a valley which has 
received very favourable notice from many travellers and explorers. 
Below Methy portage the stream varies from 200 to 400 feet 
in width. It is fairly rapid and numerous sandbars have formed 
in its bed. The valley is from one-half mile to three miles wide, and, 
in the greater part, contains good soil. The upper region is very 
heavily wooded with large timber. On the slopes of the vailey, which 
are from 200 to 600 feet long and rather steep, the timber is chiefly 
poplar, with some spruce; when the bench land is reached, large, open 
hay meadows are frequently seen. 


Five rapids or falls of importance occur on this 

Important river, Whitemud fall offering exceptional natural 
Water-powers 

advantages for water-power development. The fol- 

lowing is a short description of these rapids, taken in the order in 
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which they are encountered in ascending the river from the mouth; 
other minor rapids, also, are included: 

From two and one-half miles below to one-half mile above the 
mouth of the Christina river, the Clearwater comprises a series of swift 
waters and small rapids; the approximate descent of these is four 
feet per mile. Five miles below High-hill river, a small rapid, 500 
feet long, descends about three feet. 

Beginning immediately below the mouth of High-hill river and 
extending for one-half mile downstream, small rapids and swift-waters 
make a total descent of about five feet. Five miles above the High- 
hill, is a stretch of one mile of swift water having an additional descent 
of five feet. Just below the Cascade rapid is another stretch of swift- 
water a quarter of a mile in length, with a descent of three feet. 

Cascade Rapid, situated about 24 miles below Methy portage, has 
a descent of 16 feet within one mile. The distance by the portage is 
only two-thirds of a mile. The lower portion of the rapid is 400 feet 
wide, with low banks; the upper portion narrows to 200 feet and has 
high, rocky banks. 

Le Bon Rapid has a descent of 31 feet. It is situated one mile 
above the Cascade rapid, and is one and one-half miles long, following 
the river, but only one mile over the portage road. ‘The river varies 
in width from 200 to 400 feet and the banks are low on both sides, 
except at a point half-way down the rapid, where the rocky banks are 
40 feet high. There are five islands at this rapid. 

One-half mile above Le Bon rapid a small rapid, 200 feet long, 
descends two feet. 

Big Stone Rapid, one mile above Le Bon, has a descent of 6.5 feet 
in a third of a mile. The banks are low and the river is 300 feet 
wide. 

Aux Pins Rapid, three miles above Big Stone rapid, has a descent 
of 21 feet; following the river it is about three-quarters of a mile in 
length but only one-half mile by the portage road. The river here 
flows between cafion-like banks 150 feet high, and the course is 
slightly sinuous; four rocky islands occur in this rapid. 

A small rapid, situated one-half mile above the Aux Pins, has a 
descent of two feet in 300 feet. 


Natural Power W iitemud Fall is about four miles above the Aux 
Development Pins rapid, and the same distance below the point 
Site 


where the river crosses the boundary between Alberta 
and Saskatchewan. The descent is 40-6 feet in a distance of a quarter 
of a mile. This section of the river has limestone banks, from 50 to 
75 feet high, while an island in midstream affords splendid conditions 
for power development, as the wider channel is not over 200 feet wide. 
The natural head of 40°6 feet could easily be increased to 50 feet by 
submerging small rapids above. 


1 


234 COMMISSION OF CONSERVATION 


The discharge of the river immediately below the Cascade rapid 
was 2,241 cubic feet per second, in September, 1912; the stream was 363 
feet wide, the maximum depth seven feet, and the greatest mean velo- 
city in any one section 1°82 feet per second. 


Lesser Slave River 

Lesser Slave river drains Lesser Slave lake and falls into the Atha- 
baska river 70 miles above Athabaska. Originally, it was the chief 
means of access to the Peace River valley. In 1911, about 1,000 tons of 
freight, in addition to passengers, were carried over this route, and 
the traffic had increased enormously before the Edmonton, Dunvegan 
and British Columbia railway was opened. 

The Lesser Slave river, from its mouth to a point situated 19 miles 
upstream, or 16 miles overland, is very sinuous and forms a continuous 
series of small rapids; the total descent is approximately 80 feet. 
Some of these rapids could doubtless be used for water-power develop- 
ment. The Dominion Government has endeavoured to improve the 
navigation of this portion of the river by building wing dams at num- 
erous points; as this has not had the desired effect, additional surveys 
have been made with the purpose of improving navigation in a more 
efficient manner. Discharges taken at Mirror in 1914 gave 2,905 sec.- 
ft. on Sept. 18, and 4,342 sec.-ft. on Oct. 9. 


DISCHARGE OF LESSER SLAVE RIVER AT SAWRIDGE, ALTA. 
(Drainage area, 6,520 square miles) 


Discharge in second-feet 


Month Maximum | Minimum Mean Per een ly 
mile 
1915 

NPA OPOZOSRO Mile ie ort Giunta te wine atin 2,060 1,942 2,050 .314 
PER Re Nn teen aes SRG as YS An 2,380 2,060 2,197 .337 
ETOAC AUN MRS TC aaa BA, VU 2.515 2,060 2,182 1335 
RRO GEN OLIN LC Cis ar a RD 2,250 1,782 2,065 poly, 
DEPCEHIDED MCU is pier y salgie vaaia ucehus 2,380 1,474 1,771 Wed fe 
CREED DED RMT ee EE EEN Rt 1,734 1,418 1,521 {Zao 
November uuu genie smu Mia en 1,536 600 942 .144 


December Viana tw nnn Nan atl 857 565 669 .103 


Pembina River 

The Pembina river, one of the upper tributaries of the Athabaska, 
is approximately eighty -yards wide and is, ordinarily, quite shallow 
and easily fordable. In the spring or during a rainy season the depth 
is sufficient to compel horses to swim. The valley is from 250 to 300 
feet below the level of the surrounding country, and gives evidence of 
greater erosion than would be expected from the present volume of 
water. Discharge measurements in 1913 at S.W. 20-53-7-5 gave the 
following: February 20, 53 second feet; March 14, 70; November 
Tl be 
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A gauging station was established on this river near Entwistle by 
the Irrigation branch of the Department of the Interior. The follow- 
ing is a summary of monthly discharges at this station for 1914: 


DISCHARGE OF THE PEMBINA RIVER, NEAR ENTWISTLE, ALTA. 
(Drainage area, 1,858 square miles.) 


Discharge in second-feet 


Month Per square 


Maximum | Minimum Mean ‘ 
mile 
1914 
Dey ASME PL haya ai eis este Lbs 33 ic 222) 360 BIZ, .633 
VE USO Alec AUN ACRE Ss OS 17,260 270 4,348 2.340 
GML aR ll a a AGRA SM A 2,730 . 610 1,554 .836 
Parrerrear naremin om ui Lc yy 540 270 311 167 
ROHADO EI li sa G wi csoe Whe 450 210 317 171 
BP CTMCE RMT, he ie ea ook ie ly 360 240 277 .149 
POC TED EE ee Mania se Aes 240 110 150 .081 
PPECOINDET ie cia Ci Sd AND 108 36 59 .032 
1915 
TIRES UAT iis UMD be Et MRR aL 59 17 40 .022 
SRE 2.2 Pn ARN NAD EC TAR 38 9 29 .016 
MEE, ERS © UG ae aR ORT ADH 117 39 66 .036 
IL NAS Ue dry oie a eau hala helt 983 126 510 .274 
Be eee Ue CCU ILS iiah AN hla 1,265 230 418 225 
ee Nee es itl Navcre gle ODN 10,494 1,780 4,266 2.300 
0 GO A AA ORISA a SD 8,252 1,825 4,157 2237 
PUES ERA a A 1,720 465 900 .484 
PPAPOITIDERA I 8 21s, nis Shane URel Hocaha 518 377 428 .230 
SES EAR RCO Ty NEN) OCTET Di 518 St7 474 1299 
PN GIN DES 0s whet. s Visiok Cera nen 417 86 218 a as 


SPOT 9 ets GINS, PaEaan RMT AR RRND a eae gg eC 85 61 78 .042 


McLeod River 


In its headwaters the McLeod, a mountain tributary of the Atha- 
baska, flows over a bed of gravel and stones, with uniform and rather 
steep grade, but without concentrated falls. The channel is nowhere 
worn down to bed-rock. Where it crosses range XVII the river is 110 
yards wide and, ordinarily, not more than two feet deep at the ford. 
Although the volume of water is greater than that of the Pembina, 
the valley is comparatively shallow, being only from 90 to 100 feet 
deep. 

At a point on the McLeod river, three miles from Edson, im- 
mediately above the mouth of Moose creek, a possible power site is 
reported. The site is at a rapid one-third of a mile in length with a 
descent of 16 feet. A total head of 30 feet could be obtained by a 
dam placed at the head of the rapid, and, with an estimated minimum 
flow of 100 second-feet, over 330 theoretical h.p. could be obtained. 
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DISCHARGE OF THE McLEOD RIVER 


Date Locality niegteke: 
1912 
ODE BOT yy ut a eet oe ren Just below Beaver Dam river 471 
1913 | 
POD ic Nee Eee GarOe Se ls bye alae 96 
PED TAU Lae BOW. 5-52-1869. les 59 
ESE ES) a Pe ies Binge, ARN oye Loe eee GR 95 
FADE YOES is ease a te EOSIN ah ONAN Ie LA Pe 304 
MageZe Vienne oleh ewe EUAN Week dua Nels AE Sag 1,840 
Dupe Oe iyo ee Ain eam th hess Ore kL 1,666 
DESY ROE ID ea WR ee | tas SOT R RT Dm ene Ube cee Aste) 1,731 
UGE 2) Me ane ey ie alana RG RUT MLL Ut 947 
Dee a Le Laos aN. Toate Zee ARSE ee 653 
ESL) cn 6 LRM aide Wy (7 VIR ARO CO BLM el CHEE as 1,670 
ae 2 un ha Ma cae oe actly | MOND ape. Ady Mane ew 572 
Sepe tL ea ae bk Bois ARMM setae ERO oa tal ae 361 
yo Sea NONE 1 A CTE, a A Se em ca ee 267 
she £) Lo Dame DI UR DUIS SA Near Thornton. fio et! 550 
COC EET Oe LI ea AM TREE tubs Wepre ae 493 
CeEmNe?. iin ened sane ie we VOM A GF a Se) SLD Ree 448 
NGA ee leita gra emt PAA NOR: Sip Nh onto wena 440 
PURO Shite Ue ON TEI ae eR at MTCC alah kb 237 
DOE C OT iil eenen res Wake ean Fr MS OCU M SSL 167 


A gauging station was established on this river near Thornton by 
the Irrigation branch of the Department of the Interior. The follow- 
ing is a summary of monthly discharges for 1914: 


MONTHLY DISCHARGE OF THE McLEOD RIVER, NEAR THORNTON 
(Drainage area, 2,507 square miles) 


Discharge in second-feet ' 
Month Maximum | Minimum Mean Per square 
mile 
1914 
Mae NC tGea Ly Wate we oe ee au ire 1,640 790 1,365 .544 
AS TT A si Tho ONE, EE RE Mer OMEN eth 2/8 08 20,584 720 7,453 2.973 
PU AE a SIU aA Re nam IOAN vat 5,220 790 2,144 855 
PVATATEU gy eT Ua CD Pel cant Hae BA A 480 624 249 
September. Ue) zak Upc hen, 1,450 480 709 283 
Dee bet iis cin aes aie: olga. va 720 430 571 .228 
NOVEMBER UU ais enya este 600 208 363 .145 
December y(cy er ens 280 75 193 .077 
1915 

AUT STE: ay! anwar ng kA PHA SM 150 98 Wi .049 
Rete 0 BEE se are 142 81 108 043 
IVE ae Bal UN ashes las Gage aie Meo ee 23> 81 131 .052 
1h ON AR NAHM Mik Oh he 788 261 556 222 
Aes sare vera lk rca nee rt MC 1,820 560 1,13} .451 
Fatih esi is bal hath oc Riles ands pe tana 33,688 1,930 7,198 2 ATi 
Re er ENR OT RAE eee A CSET OUTS 27,220 2,860 9,720 3.877 
TEESE a ie iis eke Rte 4,230 1,150 1,843. TaD 
Septenibety suru rk ped wesw oars 1,420 830 1,063 424° 
O}CEODER US e aa eae ene 1,510 830 1,050 .419 
November cc) fb cel Wa eee 760 225 492 .196 


December TMU enw RIN ARTOL IMMERSE 200 162 170 .068 


CHAPTER XII 


Eastern Tributaries of Lake Athabaska 


Black River 


Black river flows from Wollaston lake to lake Athabaska, in a gen- 
eral north-westerly direction. Between Hatchet and Kosdaw lakes, 
in its upper part, it is broken by several rapids, with single descents as 
great as 20 feet. 

Farther downstream is Thompson rapid, one of the heaviest rapids 
in the upper portion of the river; its banks, toward the foot, are low, 
while the upper section has to be passed by a short portage, 35 yards 
long, across a point on the north side. Above the portage, almost to 
the top of the rapid, the banks are from ten to fifteen feet high, and 
consist of flat-lying sandstone, generally cut away beneath by the 
water. The total fall in the rapid is approximately 30 feet. 

Manitou fall, lower down, was so named by the 

Manitou Fall Indians because the water in one of its channels dis- 

appears under the rock for a short distance. Two 

streams tumble over the face of a rocky sandstone ledge into a nar- 

row channel about 25 feet wide; thence part of the water rushes to the 

left in an open’ channel, while the remainder flows for about 20 

yards under the rock; both streams fall into a wide, shallow, rocky 

basin. The fall is 15 feet in height and is passed by means of a port- 
age 120 yards long, on the south side. 

Brink rapid, one mile long, has a total descent of 25 feet, where 
the water rushes over ledges of sandstone. The banks consist of low, 
sandstone cliffs and a ridge of sandstone extends along the north side 
of the river. From this rapid, as far as the head of Hawkrock rapid. 
is a stretch of one mile and a quarter of quiet water, with banks of 
sandstone 35 feet high. Hawkrock rapid, just above the mouth of 
Hawkrock river, has a fall of from eight to ten feet. In its upper part 
the banks of reddish sandstone are ten feet in height. 

North rapid, one mile in length, has a total descent of about 15 
feet. Like the preceding rapids, it is fairly deep at the head but wide 
and shallow at the foot. The bed of the rapid is filled with boulders. 

At the head of Middle lake is a long chain of rapids and falls, 
with a total descent of 120 feet within a distance of three and one- 
half miles. The lowest, Elizabeth fall, alone comprises 80 feet of the 
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total descent. The river here forms a turbulent rapid one mile in length, 
broken by heavy cascades and falls from eight to ten feet in height. 
The north bank, thickly wooded with black spruce and birch, rises 
gradually toward distant green hills; the slope is underlain by 
reddish gneiss. The south side of the valley is composed of abrupt, 
sandstone cliffs, often vertical, rising to a height of 100 feet above the 
water. Rounded bosses of gneiss also rise in the bends of the south 
bank, while wooded islands and jagged, granite rocks constantly im- 
pede and obstruct the foaming torrent. 

Immediately below Middle lake a series of strong rapids has a 
total descent of about 160 feet. The lowest rapid is a beautiful cascade, 
where the water tumbles over a ledge and then rushes in two narrow 
gorges past a rugged, rocky island. The portage along these rapids 
is 19 miles long. 


Cree River 


Where Cree river, a tributary of Black lake, emerges from the 
north end of Cree lake, it is 200 yards wide, with sandy bottom 
and low banks wooded with small Banksian pine and spruce. It 
soon becomes very rapid, with a current of from six to eight miles 
per hour, flowing over a bed of sandstone fragments. Six miles 
below the lake a long rapid, known as Hawk rapid, has a total descent 
of from 30 to 40 feet within a distance of two miles. 

For 20 miles, strong rapids succeed each other in an almost con- 
tinuous series. The river first becomes narrow and swift, often with 
a current of ten or twelve miles per hour; it then expands gradually 
into a shallow stream flowing over a wide bed of gravel and boulders. 

In approximate latitude 58° 28’ another heavy rapid, three miles 
in length, has a fall of about 40 feet. Hills of boulders, varying in 
height from 100 to 150 feet, rise on each side, and the bed of the 
stream is formed of boulders that have fallen from the sides. The 
upper portion of the rapid is deep and narrow, while the lower stretches 
are wide and shallow. 


Geikie River 


Geikie river is the principal tributary of Wollaston lake. It rises 
in several small lakes, near the source of Foster river, and flows north- 
eastward through a drift-covered country, between low, sparsely- 
wooded banks. For long stretches it is straight and sluggish, having 
the appearance of a wide, quiet river or chain of long, narrow lakes. 

From a point situated immediately below the mouth of the Poor- 
fish river to Big Sandy lake in the upper part, these quiet stretches are 
broken by numerous rapids flowing over beds of boulders and 
descending as much as 45 feet. 


CHAPTER XIV 


Peace River 


Peace river, formed by the junction of the Finlay and Parsnip, 
two mountain rivers, is the largest and longest of the tributaries of 
the Mackenzie. It rises in and drains a great area west of the 
Rocky mountains; continuing eastward, it intersects the axis 
of that range and drains the country bordering its eastern slopes, 
through four degrees of latitude. Its length, from the con- 
fluence of the Finlay and Parsnip rivers to the point at which it unites 
with the waters flowing from lake Athabaska to form Slave river, 
is 780 miles, but, measured from Summit lake, the source of its 
principal branch, is approximately 905 miles. 


Peace River cafion is situated in British Columbia, 
Peace  _ just outside of the western boundary of the Peace 
River Canon ‘ ‘ BB ig 
River Block. The descent of the water in the cafion is 
fairly uniform, except near the head, where there is a fall of approxi- 
mately 25 feet in one-half mile. This latter descent is concentrated 
at two chutes over ledges; one is situated at the head of the cafion and 
the other one-half mile below, with rapids intervening. 

The narrowest point in the cafion occurs at its head, where the 
distance from bank to bank is only 200 feet. The total descent in 
the water from the head to the foot of the cafion, as obtained by 
aneroid barometer readings, was found to be 225 feet. 

The total length from head to foot, following the water, is 18:25 
miles. The portage trail, which is 11 miles long, follows very closely 
a straight line from the head to the foot of the cafion. The upper 
section of this trail passes between two hills, Portage mountain on 
the south and Bulls Head mountain on the north side, and, except 
over a distance of about one mile at each end, the trail has an eleva- 
tion varying between 800 and 1,000 feet above the water level at the 
lower end of the cafion. 


Between Smoky River forks and the mouth of 
Deep and ‘ SOR ‘ 
Picturesque Battle river, a distance of 108 miles, the general course 
Valley of Peace river is northerly. Its average width in this 
distance is approximately 400 vards but it expands occasionally to 
nearly twice this distance. The current has a uniform rate of about 
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four miles per hour. The deep valley is, in portions, very 
picturesque. It is about two miles wide and, at the mouth of Smoky 
river, the water is not less than 700 feet below the level of the plateau. 
Toward the north the valley becomes gradually shallow; at Battle 
river its bottom is only 600 feet below the plateau. The banks are 
often scarped and, where composed of sandstone, are precipitous. 

Below Battle river, as far as the Vermilion fall and rapids, a dis- 
tance of nearly 200 miles, Peace river is without striking features; 
the current is less rapid, having a uniform rate of about three miles 
per hour. The valley decreases in depth to approximately 100 feet, 
and the sandstone cliffs, which lend variety to the upper stretches of 
the river, disappear. They are replaced by grassy and wooded slopes, 
or by the sombre, clay shales of the cretaceous. Islands are more 
numerous, while the bars are composed of sand instead of gravel. 

Vermilion Rapids and Chute-—Below Fort Vermilion, Peace river 
flows in an easterly direction for approximately fifty miles to the Ver- 
milion fall and rapids. Vermilion fall, like the Cascade rapids on 
the Athabaska, is caused by the river falling over a low, limestone 
ledge. 

This fall is the first obstruction to navigation encountered in 
descending the Peace river from the Peace River cafion. First the 
rapids occur, extending over a distance of one-half mile, where the 
river makes a slight bend; then comes swift water for three-quarters 
of a mile, succeeded by rapids again for one-half mile and, finally, 
the sheer drop of the chute. A reflecting level showed the descent 
in the first rapids to be 10.1 feet. The banks of the river here 
are from 20 to 30 feet high but, just above the rapids, are much 
lower. The descent in the other rapid, which is situated immediately 
above the chute, was found to be 4.4 feet and, in the chute itself, 12.1 
feet. Thus, the total descent of the rapids and chute is 26.6 feet 
within a distance of one and three-quarter miles. The banks in this 
part are 50 feet high, consisting of hard limestone. The water was 
rather low when the levels were taken, but it usually falls another 
two feet in late autumn. The river varies in width at the rapids and 
chute from one-half to one mile, and the widest point is near the 
chute. 

Boyer or Little Rapids——These rapids are situated about 115 
miles below the Vermilion chute. They consist of four pitches, 
extending over a distance of five miles and separated by slack 
water. The rapids become merely swift water when the river is at a 
high stage. When the water is low, the rapids are quite noticeable 
but, even then, the greatest descent in any one pitch is only eight feet 
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in three-quarters of a mile, occurring in the pitch farthest downstream. 
These rapids are of little value from a water-power standpoint. 

Mr. F. D. Wilson, late post manager for the Hudson’s Bay Com- 
pany at Fort Vermilion, kindly compiled the table and furnished the 
following interesting information respecting the opening and closing 
of the Peace River navigation: 


OPENING AND CLOSING OF NAVIGATION ON PEACE RIVER, AT 
FORT VERMILION 


pee Ice began First cross- Ice began First cross- 
to move ing in boats to drift ing on ice 

1890 May 4 May 8 Nov. 16 Nov. 30 
1891 Apr. 23 May 1 Oct. 29 Nov. 12 
1892 May 11 May 15 Nov. 4 Nov. 8 
1893 May 3 May 10 Oct. 31 Nov. 4 
1894 Apr. 29 May 6 Nov. 1 Nov. 10 
1895 Apr. 25 Apr. 29 Nov. 7 Nov. 15 
1896 May 2 May 5 Nov. 7 Nov. 10 
1897 Apr. 20 Apr. 26 Nov. 10 Nov. 13 
1898 Ot. 23 Apr. 27 Oct. 27 Nov. 1 
1899 ~ May 5 May 10 Oct. 20 Novy. 12 
1900 Apr. 14 Apr. 20 Nov. 4 Nov. 15 
1901 Apr. 26 May 3 Nov. 2 Nov. 6 
1902 May 1 May 6 Nov. 4 Nov. 8 
1903 May 3 May 13 Nov. 11 Nov. 19 
1904 Apr. 17 Apr. 24 Nov. 16 Nov. 30 
1905 Apr. 27 Apr. 30 Oct. 23 Nov. 1 
1906 Apr. 20 Apr. 22 Nov. 10 Nov. 16 
1907 May 6 May 13 Nov. 8 Nov. 13 
1908 Apr. 30 May 5 Oct. 28 Nov. 2 
1909 May 20 May 22 Nov. 5 Nov. 13 
1910 Apr. 25 Apr. 28 Nov. 1 Nov. 9 
1911 Apr. 29 May 3 Oct. 31 Nov. 9 
1912 Apr. 29 May 1 


MONTHLY DISCHARGE OF PEACE RIVER AT PEACE RIVER 


CROSSING 
Discharge in second-feet 
Monty Maximum | Minimum Mean 
1915 

PER Orgy Ws UI eie Ae RN Naa ud ba UE ia 165,350 156,900 161,512 
2 a SE a EAT OOP Ee POOL NAR RR ED 183,400 129,400 144,236 
[LI ity catiale A ge ts Sa nel STs ban A a AONE LOR ll 338,850 102,700 158,518 
PmCMIROA a. hi ee iy ani aks. ae 95,550 43,800 63,979 
OG ul ey eI OMS RR SUR SLA 43,800 23,700 31,902 
SYR Re HR ROE SGP eR Gc et DA ge OO aE 42,960 20,950 27,468 
BONO T sis. SON ED A cinee ged he edie ones _ 42,600 11,160 18,301 
MRT T E48 cha 2 ae a aN a hate Sa aA cid ota ahs sys 11,140 10,250 10,786 
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CHAPTER XV 


Slave River and Tributaries of Mackenzie River 


The Slave river flows from lake Athabaska to Great Slave lake 
and is virtually the upper portion of the Mackenzie. It carries the 
waters of the mighty Peace river, of the Athabaska river and of 
other tributaries of lake Athabaska. It flows slightly west of north, 
with a total length of approximately 290 miles. For nearly 100 miles 
below lake Athabaska, it is easily navigable, but its course is then 
interrupted by a series of rapids, generally known as Fort Smith 
rapids, which are caused by a gneissic spur from the Laurentian dis- 
trict to the east. 

The rapids, five in number, occur between Smith Landing and 
Fort Smith. The following is a description of each, taken in 
the order in which they are encountered in descending the river from 
Smith Landing: 

Cassette Rapid is situated two miles below Smith Landing, where 
the river contains numerous small, rocky islands. Levels taken in the 
eastern channel show a descent of 27 feet. The total length of the 
rapids in this channel is one and a half miles, but would not be more 
than one mile measured along the centre of the river. The banks are 
high and rocky. 

Second Rapid.—The river here has a wide main channel on the 
west side, where the descent is concentrated in one chute extending 
the whole width of this channel. On the east side, there are several 
small, rocky islands. Levels taken of the different falls in one of the 
channels between these islands show a total descent of 37:4 feet; 
between the different pitches are swift waters with a fall of 
possibly five feet, thus giving a total descent of approximately 42 feet. 
The total length of the channel between the islands is about two miles, 
but, as stated above, in the main channel most of the descent is 
concentrated in one fall. 

Mountain Rapid, flowing around a point which projects from the 
west bank of the river, has a descent of 25 feet. Following the 
river, the rapid extends for about one mile, but across the point 
(along the portage path) the distance is only 200 yards. Op- 
posite the point, the river is one-half mile wide, and farther down- 
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stream, three-quarters of a mile. The rocky banks are from 50 
to 100 feet high. ; 

Pelican Rapid is a continuous stretch of rapids, without any con- 
siderable concentrated fall. It extends over a distance of three miles, 
or practically from the foot of Mountain rapid to the head of Drowned 
rapid. The descent in this rapid is about 10 feet. 


Drowned Rapid is one-half mile long, with a descent of 13 feet. 
The stream, three-quarters of a mile wide, has rocky banks 100 
feet high on the west side; on the east side, numerous islands occur 
and the banks are only from 25 to 50 feet high. 

The distance from the head of Cassette rapid to the foot of 
Drowned rapid is 15 miles and the total descent, including swift 
waters between the five rapids above mentioned, which are not in- | 
cluded in the figures given, is about 135 feet. 

Below the rapids, the banks, which, at first, are about 100 feet 
high and terraced in places, become lower as one descends the 
river. Eighteen miles below Fort Smith is the mouth of the Salt river, 
below which the stream presents few features of interest. Its average 
width is about one-half mile, but it frequently expands around islands 
to twice this width. On both sides are level plains which extend 
as far as the eye can reach and support extensive forests of white 
spruce and Banksian pine, mingled with larch and rough-barked and 
smooth-barked poplar. Sandy beaches, bars and islands occur in this 
part of the river; these are constantly shifting, being built up and 
removed by the spring freshets. 


Lockhart River 


The Lockhart is a short stream connecting Artillery lake with 
the eastern arm of Great Slave lake. It is only 24 miles in length 
but the descent in it is very steep. The most important fall on it 
is Parry fall with a descent of 85 feet but there are five others 
with descents ranging up to 50 feet. The total descent in this short 
river has been estimated at 668 feet which gives it an outstanding 
value as a water-power stream. 


Hay River 


Hay river rises near the headwaters of the Fort Nelson river 
and flows in a north-easterly direction for 300 miles to Great Slave 
lake. Grassy and partly wooded plains extend northward from 
Peace river and skirt its southern shores, but do not cross it. This 
river may be regarded as practically the northern limit of the prairie 
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country. Hay river, like Slave river, enters Great Slave lake by 
several channels at the extremity of a point formed by the deposition 
of silt. | 

Its banks are low and grassy and the country on both sides is 
heavily wooded. Ascending the river, the general elevation of the 
country increases, the valley becomes higher and wider, and border- 
ing flats make their appearance. The current at the mouth is gentle 
but, as the river is ascended, increases in rapidity and breaks into rip- 
ples on the bars. The valley then contracts into a gorge and its high 
walls, buttressed below by an embankment of fallen fragments, 
appear to overhang the stream; the latter, reduced in width to 100 
feet, dashes turbulently along the boulder-filled channel. 

The gorge suddenly ceases at Alexandra fall and the river plunges 
over the hard limestone band, through which the gorge is cut, with 
a sheer descent of 85 feet. This exceedingly picturesque fall presents 
a clear, unbroken sheet of falling water. From its base the 
river flows along rapidly for about one mile to a second fall of about 
50 feet, below which are three miles of rapids. At the lower fall, the 
cliff is broken down near the centre and the descent of the water is 
interrupted by projecting ledges. Above the fall the valley is almost 
imperceptible; the stream has failed to produce more than a feeble 
impression on the hard limestone beds which floor the surrounding 
country. 


Liard River 


The Liard river, one of the principal tributaries of the Mackenzie, 
has its source west of the Rocky mountains. One of its branches 
reaches to within 150 miles of the sea and drains the eastern portion of 
the broken country lying between the Rockies and the Coast 
range. Its branches extend through four degrees of latitude, from 
58° N. to 62° N., and interlock with those of the Yukon, Stiline, 
Skeena, and Peace rivers. In its upper part, it divides at intervals 
into three nearly equal streams, the Dease river in British Columbia, 
the Frances river, and the branch which retains the common name. 
Rising in the elevated country west of the Rockies, the Liard 
falls rapidly toward the east. Between the mouth of the Dease 
and the Mackenzie it descends about 1,650 feet, and is char- 
acterized by impetuous currents, dangerous rapids and narrow, 
whirlpool-filled cafions. The descent is greatest and the rapids 
most numerous among and near the Rocky mountains. After leaving 
the foothills the stream is nearly free from interruptions as far as 
the junction with the Mackenzie, where a series of strong rapids 
occurs. 
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Seiya Above the Lower* cafion, the current is swift, 
Characteristics averaging about four miles per hour and greatly 


of River Bed exceeding this rate in many reaches. The stream, » 


which is wide and shallow, becomes in places a complete maze of 
islands and gravelly, half-submerged bars. 

The Lower cafion is six miles above the mouth of the Dease. The 
full height of the plateau, through which the river here cuts, is about 
500 feet, but banks of this height seldom abut directly on the river. 
The cafion is three miles in length, and, at high water, it is said to be 
necessary to portage the entire distance. 

Immediately above the mouth of the Dease, the Liard is 840 feet 
in width. Below the Dease it varies in width from 250 to 400 yards, 
but expands in places to more than half a mile; it has a current of 
four miles and a half per hour. It divides occasionally into a number 
of channels, enclosing low, alluvial islands, usually well wooded. 

The rough water at Cranberry portage, four miles above Turn- 
again river, has a total length of one mile and a half, but there is a 
reach of comparatively undisturbed water about halfway down. The 
upper part of the rapid is exceedingly turbulent, as the bed of the 
river is filled with huge, angular masses of rock, against which the 
current dashes violently. 


Two miles below the Turnagain river is the Moun- 


Rough and , ; ; 
Irregular tain Portage rapid, one of the most dangerous rapids 
Channel in the river. The stream here falls over a band of 


shales irregularly hardened by a system of dykes and worn into a 
succession of ridges and hollows; the roughened surface thus pro- 
duced throws the hurrying stream into an indescribable turmoil. 

The rapids at Bralé portage, three miles below Coal river, is two 
miles long, and is caused by numerous limestone blocks and small 
islands obstructing the channel. At the lower end, the river is nar- 
rowly confined by high, perpendicular cliffs. 

From Brilé portage, no obstacles to navigation occur until the 
Devil portage is reached. This stretch of the river is wide and filled 
with low islands and bars. 

At Devil rapid, eight miles below Trout river, the Liard makes 
a great bend to the northeast through a succession of rapids and 
cafions. At the elbow of the bend, a large fall is situated. At the 
foot of the curve, the river is confined to extremely narrow limits, 
being scarcely 150 feet wide, and, as fully a third of this width is 
occupied by shore eddies, its bed must be eroded to a very great depth. 


~* The designation “Tower,” given to this cafion, is evidently relative to the 
Upper and Middle cafions on the Frances river. 
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Immediately below the contracted section is a large eddy, where the 
river expands suddenly to more than half a mile in width. The dis- 
tance travelled by portage to avoid these rapids is three and three- 
quarter miles. 

Below Devil portage, for 30 or 40 miles, the river flows 
through the Grand cafion, comprising a series of short cafions separated 
by expanded basins filled with eddying currents. 


Twenty-five miles below Devil rapid, the river 
bends to the north, and, dashing against the cliffs 
which form the left bank, is deflected again to the 
east through the rapid of the Drowned. This is one of the most 
dangerous places on the river; the water plunges with its whole force 
over a ledge of rock, which curves outward and downward from the 
left bank, into a boiling chaudiére behind. 

Below the rapid of the Drowned is a long reach, with very swift 
current; the river is then confined by hard, sandstone banks through 
a narrow gap in which it forces a stormy passage. In the next four 
miles the stream, narrowly contracted, flows through five cafions and 
falls over a number of riffles. 

Three miles of rapid current are encountered before reaching 
Hell-gate, so named because it is the lower entrance to the turbulent 
section of the river just described. 

Emerging from Hell-gate cafion, the river dilates and is bordered 
by large eddies. Below these, it flows swiftly around a large island 
into a cafion-like reach one mile long. The stream here is narrowed 
to about 150 yards in width, flowing quietly between vertical banks 
300 feet high. This cafion is the lowest on the river, and thence the 
stream has an uninterrupted flow. No obstacles to navigation present 
themselves until a point 40 miles from the mouth is reached, from 
which, for a distance of 25 miles down, the stream is bordered by 
steep, scarped banks from 200 to 400 feet in height, giving the appear- 
ance of a wide cafion. The current in this entire reach is exceed- 
ingly swift, and, for nearly ten miles, breaks over a succession of 
strong rapids. 


Rapid of the 
Drowned 


With respect to navigation on the Liard, it may be 
ee si stated generally that, above the rapids just referred to, 
which a small steamboat could possibly overcome by 
using a line, the river is easily navigable as far as Fort Liard, and 
thence, up the west branch, as far as Hell-gate. Above Hell-gate, 
navigation is exceedingly difficult and dangerous even with small 
boats, owing to the numerous rapids and cafions. The Fort Nelson, or 
east branch of the Liard, is reported to be navigable by small steamers 
for 100 miles or more above its mouth. 
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Frances River 


The Frances river is a tributary of the Liard, flowing into the 
latter from the north. In ascending the river, the general direction 
of the Frances, for nine miles from its mouth, is north-northwest. It 
then bends to the northeast and, in four miles, the lower end of the 
Middle cafion is reached. For the first few miles above its mouth, 
the Frances is extremely tortuous, so much so that the actual course 
of the river to the foot of the cafion covers 22 miles, while the distance 
in a straight line is only 11 miles. 

The Middle cafion is three miles in length; the river is hemmed 
in by broken, rocky cliffs, from 200 to 300 feet in height, for the 
greater part of this distance. The total fall in the cafion is estim- 
ated at approximately 30 feet. Above the Middle cafion, the general 
course of the river is again north-northwestward for a distance of 12 
miles. Most of this section is bordered by low land on both sides. 

Fifteen miles farther up, the course changes to northeast, cutting 
across the Tsesiu range. The stream is moderately swift throughout 
and, in one place called the False cafion, is bordered on both sides 
by low, rocky banks, although no rapids are encountered. 

Fifteen miles above False cafion, the river turns abruptly to the 
west for four miles, one mile and a quarter of which consists of a 
series of rapids; these are rocky and strong, with a total fall of about 
30 feet. The banks rise steeply from the river to heights of from 100 
to 200 feet, although the rocky cliffs along the water rarely exceed 
50 feet in height. This section, named the Upper cafion, is the last 
serious impediment to the navigation of the river. 


Gravel River 


Gravel river rises on the eastern slope of the Mackenzie mountains 
which form the divide between the Yukon and Mackenzie basins. 
From its source, to its exit from the mountains, it scours bed-rock 
in a continuous rapid, or flows over boulders which are too large 
to be carried. 

It is an extremely swift river throughout its whole length, the 
velocity being maintained to a great extent even in its lower portion. 
At the mouth, its waters rush along their original direction for quite 
a distance across the Mackenzie. While to travel down the river 
is a fairly easy but dangerous task, the ascent is almost impossible 
even in a canoe. 

The descent in the river from the confluence of the Twitya river 
to the mouth, a distance of some 125 miles, is estimated at 1,350 feet 
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or almost 11 feet per mile. The grade is slightly steeper after enter- 
ing the mountains but otherwise very uniformly distributed without 
any concentrated falls or rapids. The lowest cafion on the river is 
some eighty-five miles from the mouth. The conditions at this cafion 
and at practically all the others on the river are not favourable for 
power development. ‘The descent is generally the same as in other 
places while the banks on the portions of the river immediately above 
and below the cafions are low. 

From Twitya river to Sekwi cafion, a distance of seventy miles, 
the descent in the river is also uniformly distributed, averaging 
approximately 12 feet per mile, without any falls or decided rapids. 
Between Sekwi cafion and the headwaters there is a total descent 
of approximately 2,085 feet fairly uniformly distributed over a dis- 
tance of forty-five miles. The only concentrated descent in this 
portion occurs at Cafion fall, some thirty miles above Sekwi cafion, 
the water descending 10 feet in a vertical fall. 

The average temperature on both sides of the Mackenzie moun- 
tains is very much alike, but the western slopes, of higher elevation 
and exposed to the prevailing winds, have a comparatively high 
precipitation, and periods of high winds, while the eastern slopes, 
being on the lee side, receive a small precipitation, and immunity 
from high winds. 

A rough measurement of the Gravel river above its mouth, taken 
on July 19, 1908, gave a width of 700 feet, a middle depth of 8 feet, 
and a surface velocity of five miles an hour; the approximate dis- 
charge being 25,000 cubic feet per second. It is probable that the 
river shrinks greatly in volume by the end of August, as the snow 
is then almost completely gone from the mountains, and the rainfall 
is very light. 


CHAPTER XVI 


Churchill River and Tributaries 


Churchill river, measured from the source of its longest tributary, 
the Beaver, to Hudson bay, has a length of 1,200 miles, approx- 
imately. It comprises a long series of very irregular lakes, 
connected by short and usually rapid reaches. The low banks are 
thickly wooded with spruce and poplar. Some of the rapids are 
due to rocky barriers, while others flow over boulders and between 
banks of till, such as underlies much of the surrounding country. For 
a considerable part of its course, the river appears to flow near the 
line of contact of the Archean and overlying sedimentary rocks, 
although the topography is modified by the occurrence of prominent 
glacial features. 

The absence of a valley, even where the channel might be eroded 
easily, and the presence of numerous lakes and rapids, show that the 
river is very new, geologically speaking. 


For a distance of several miles above Pelican rapid, 
Many Rapids _the river flows from the northwest with a moderate 
along the River : 
current; it passes between low, sandy banks overhung 
with willows, beyond which the country is wooded with poplar. 

Pelican rapid is a cascade, falling about eight feet over a granite 
ledge. The north bank, below the fall, is a terrace of sand and bould- 
ers, 20 feet high. 

The Upper and Middle Knee rapids flow around a long projection 
of red gneiss. The Lower Knee rapid. is long and_ shallow. 
It flows at first over a ledge of coarse, red gneiss, and then over 
a bed of boulders. The north bank is a cliff, 30 feet or more in height, 
composed of light gray, sandy till, containing many boulders, and ris- 
ing to a sandy plain or terrace. 

Below the mouth of Haultain river, the Churchill flows with a 
strong current and traverses a wide marsh between long ridges of 
gneiss. 

Snake rapid, flowing for one and one-half miles over a bed of bould- 
ers, connects Souris and Snake lakes. On its north side is a sandy 
terrace, 15 feet high, which gradually rises until it seems to merge in 
a low hill of sand and boulders. On the south, also, is a low hill, the 
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summit of which is a moderately level plain, covered with Archean 
boulders. 

| The Middle Needle fall is caused by the river flowing over a ledge 

of gneiss. At the Lower Needle fall, the water descends about four 

feet over similar rock. 

Numerous rapids and falls occur between this point and Frog 
portage; the greatest single descent is one of 20: feet at Otter fall. 
From Frog portage to the mouth of the Reindeer river, the Churchill 
has an average width of approximately one mile. It flows in a north- 
easterly direction, and its channel contains many rocky islands. The 
banks of this section of the Churchill are low, but on both sides the 
land rises gradually for a distance of from one-half to three-quarters 
of a mile from the water’s edge, to heights varying from 100 to 400 
feet. 

The first fall on the Churchill, above the mouth of Reindeer river, 
is Kettle fall, a steep descent of 17 feet over dark-greenish schist. A 
portage of 130 yards is made on the north side. 

At the foot of the expansion, into which Reindeer river falls, is 
Atik rapid, with a descent of 15 feet. Below, the river is 
rough for 60 miles, with many dangerous rapids, including the long 
Wintego rapid, at the foot of Wintego lake. Ten or twelve portages 
are made along this stretch, the longest being about one-half mile. 


a SN From the end of the rough water, at the mouth 
Through Series of Nemei river, to Pukkatawagan, 120 miles below, 
of Lakes the Churchill flows for almost the whole distance 
through lakes, and only four short portages are necessary. Between 
Pukkatawagan and Southern Indian lake, a distance of approximately 
130 miles, the lake expansions are larger, including Granville lake, 
50 miles or more in length. In this distance four short portages lead 
past rapids and falls, one of which, Granville fall, above Granville 
lake, has a nearly vertical descent of 25 feet. 

For a distance of 23 miles above the mouth of the Little Churchill, 
the average width of the Churchill is approximately one-third of a 
mile. High banks of clay occur alternately on each side. Numerous 
rapids exist in this section and the total descent in the above distance 
is about 170 feet, or an average of seven and one-half feet per mile. 
Rapids are numerous between the mouth of the Little Churchill and 
the sea, especially in the first 30 miles, and again in the neighbour- 
hood of the angle formed by the last two stretches of the river at a 
distance of 40 miles from the mouth. Only one, however, necessitates 
a portage. This is a steep rapid, which may be called the Portage 
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chute, situated 28 miles below the Little Churchill. The distance over 
the portage is approximately 175 yards. 

The total descent in the river, from the confluence with the Little 
Churchill to the sea, is approximately 400 feet, or an average descent 
of slightly more than four feet per mile to the head of tide water. 


Cochrane River 


In ascending Cochrane river, the channel for the first seven 
miles and a half is very irregular, being often broken by wooded 
islands. In places it is about 150 yards wide, with a current of two 
or three miles an hour; in other places it is much wider and with 
very little current, while, towards the upper end of the stretch, are 
two heavy rapids up which the canoe must be tracked with a tow-line. 
The banks are low and grassy, and low rocky points project into 
the water here and there. The surrounding country is low and 
swampy, underlain by sand and sandy till, and is wooded with small 
black spruce and larch. A low sandy ridge wooded with Banksian 
pine, extends along the east bank for a short distance. Seven miles 
and a half from the lake, the river falls about 20 feet over gneiss. 
These falls are passed by a portage 420 yards long on the east side. 
The portage is over a drumlin ridge of silt and boulders. 

Three-quarters of a mile higher up the stream is a heavy rapid 
with a fall of eight feet, the water flowing over granite. It is passed 
by a portage 180 yards long on the west bank, over a neck of land 
composed largely. of boulders. A mile above the portage is a swift 
rapid a quarter of a mile long, up which canoes must be taken with 
tow-lines and poles. 

Two miles above this rapid the canoe-route leaves the river, which 
is said to be very crooked, with one bad rapid, the total distance 
by the river being about 17 miles. 

For the next thirteen miles the current is nowhere very strong, 
and in the wider places is hardly apparent. The banks are either 
low or rise in sandy ridges. The river then flows through a number 
of larger and smaller lakes. Next come more portages, one of which 
is past a rapid having a fall of eight feet, and lake Du Brochet is 
reached. Above this lake, a small double lake, with rocky shores, 
extends for six miles, beyond which the river flows for two miles, 
with a strong current, between wooded sandy banks, to a narrow 
gap, where it cuts through a ridge of sand and gravel. A mile and 
a quarter above this ridge, the river flows with a rapid current, over 
a bed of sand and boulders in a moderately straight channel. It 
then makes a gradual half turn, flowing from the south-west and 
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numerous rapids and portages are encountered. Five miles above the 
upper end of these rapids the river debouches from Drifting lake, 
above which is a long, rapid portion to its headwater in Wollaston 
lake. 


Reindeer River 


Reindeer river, draining Reindeer lake into the Churchill river, 
forms one of the largest branches of the latter. The valley through 
which it flows is an irregular depression, following the trend of the 
gneiss. The banks are low and the stream rarely impinges against the 
rocky hills which compose the surrounding country. This stream is 70 
miles long, and Reindeer lake, its source, has an area of 2,200 square 
miles, with an elevation above the sea of 1,150 feet. The lake has a 
very irregular contour, containing innumerable rocky islands; these 
and the rocky shores are sparsely wooded with small black spruce. 

The first fall below the lake is 10 feet in height, flowing over ledges 
of gneiss. The portage, which crosses a narrow, rocky islet 50 yards 
wide, is known locally as the Rock portage. The second fall, 
situated between the next two lakes, is called the Whitesand rapid, on 
account of the cliffs of sand on the north side, opposite the portage. 

The portage at Steep-hill rapid crosses a ridge of clay 35 feet in 
height. The water of the lake above drains toward the east, falling 
for 20 feet over a steep ledge situated between three islands, at the 
southeast corner. The sides of the valley are moderately timbered 
with poplar and a few small white spruce. Below Steep-hill 
rapid, the river makes a long bend, first to the east and then to the 
south, passing through a wide lake-like expansion with many islands. 
The stream narrows at places, in which the current is quite strong, 
but generally, from the Steep-hill rapid to near the mouth of the 
river at the Deer rapid, is wide and sluggish. 

The last interruption to navigation is at Deer rapid, about two miles 
north of the Churchill river, where there is a fall of about five feet 
over a ledge of gneiss. Below this rapid is a wide, deep channel 
with almost imperceptible current. 


Rapid River 


Rapid river enters the Churchill from the south, not far below the 
lake expansion at Stanley mission. It is the outlet of lake La Ronge, 
a large oblong lake, nearly 35 miles in length, 1,225 feet above sea 
level and about 150 feet above its confluence with the Churchill. 
This short stream has a fall, or series of rapids, near the confluence 
with the Churchill river. 
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Foster River 


Foster river is very similar in size to the Mudjatik river, but is a 
much more turbulent stream. Rising in the Foster lakes, it plunges 
down a series of heavy rapids, over ridges of granite and gneiss, until 
within a few miles of Churchill river. There it enters a country 
more thickly covered with drift and more densely wooded. Aban- 
doning its direct south-westerly course, it follows a long, sweep- 
ing curve and finally empties into a northern arm of Black Bear 
Island lake, one of the expansions of Churchill river. 

For 18 miles below the Foster lakes, the river flows in a deep val- 
ley and forms an almost continuous series of heavy rapids, rushing 
over a bed of boulders. Below this stretch, heavy rapids again occur, 
but these are due to rocky barriers across the stream; nearer the 
mouth, the rapids again flow over boulders. The greatest descent 
is that of the rapid situated farthest down the river, about six miles 
from its mouth; the water flows in a heavy double rapid, descending 
25 feet, chiefly over a bed of boulders. 


Mudjatik River 


Mudjatik river rises in several small lakes and streams in the low, 
rocky country a short distance north of latitude 57°. It flows almost 
directly southward for 80 miles and empties into Churchill river, 13 
miles below Ile-a-la-Crosse lake. For the greater part of the course, 
it flows in a shallow, winding channel between level banks of stratified 
sand. Rocky hills appear on both sides, but seldom close to the river. 
The stream is obstructed by a few rapids and most of these are 
caused by accumulations of boulders. 

Above Grand rapid the river, which is possibly 30 feet wide, 
emerges from a very well-defined valley, a quarter of a mile in width. 

A large rapid, flowing over rock and boulders, is situated one- 
quarter mile above Grand Rapid portage; this has a descent of six 
feet. 

At Grand rapid, the water falls eight feet over a ledge of gneiss 
broken into two steps. A portage, 90 yards in length, passes it on 
the sandy flat on the east side. 

Two rapids occur not far above Bear rapid, with descents of 10 
feet and 12 feet. Below these the river winds through a sandy plain, 
to Bear rapid, a swift chute with a fall of about two feet at high 
water. This rapid is passed by means of a portage track, 100 yards 
in length, on the west bank. The rapid is probably caused by a ledge 
of rock crossing the channel. 
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Beaver River 


Beaver river has its source on the Cretaceous plateau, south of lac 
La Biche. It flows eastward for 230 miles, and then northward for 
90 miles, emptying into the south end of Ile-a-la-Crosse lake. In its 
course northward, from the bend to the foot of Grand rapid, it is a 
rapid stream, from 150 to 400 feet wide. This portion of the river has 
low banks, composed of stratified, alluvial clay without boulders. The 
surrounding country is a level plain, rising from 10 to 25 feet above 
the river, and well wooded with poplar. Banks of stratified sand 
soon begin to rise on both sides to a height of 40 or 50 feet, and the 
stream is broken by rapids flowing over beds of boulders. 


The banks are lower near the mouth of Waterhen river, an 
important tributary from the west. They continue low, consisting of 
clay, for several miles; they then change to stratified sand, rising 
to a height of 80 feet. 


Several small rapids occur in this stretch of the river; the follow- 
ing is the approximate descent in each, in the order in which they are 
met in descending the stream from the mouth of Cowan river: 

Rapid of six feet descent, one of three feet descent, one of two 
feet descent; distance of five miles without rapids; rapid of two feet 
descent, one of four feet descent, one of two feet descent, mouth of 
Waterhen river; rapid of three feet descent, one of two feet descent, 
one of three feet descent, one of two feet descent, one of two feet 
descent, one of five feet descent (one mile long), one of two feet 
descent, one of four feet descent. 


Immediately below the rapids enumerated is Grand rapid, the last 
on this section of the river. It consists of two pitches separated 
by one-half mile of slack water; the lower pitch has a descent of 
16 feet within a distance of one mile, while the upper descends 10°8 
feet in one-half mile, giving a total descent of 27 feet in two miles. 
The banks are from 15 to 50 feet high, becoming higher in the 
upper portion of the rapid. The river is full of boulders and has 
an average width of 500 feet. 

The discharge of the river, taken in September, 1912, at a point 
five miles above the Grand rapid, was found to be 1,913 cubic feet 
per second; the water was unusually high for that time of the year. 
The width of the stream here was 346 feet, the maximum depth 
seven feet, and the greatest mean velocity in any one section 2:23 
feet per second. 
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La Plonge River 


La Plonge river is a small tributary, entering the Beaver in the 
lower part of its course; it is the outlet of a moderately large lake of 
the same name. On it is the most northerly developed water-power 
in Saskatchewan. ‘This power site is near the mouth of the river, 
where a dam has been built, affording a head of about 10 feet. The 
power is used to operate a saw-mill and a small electric-lighting plant 
in connection with the Bauval mission. In the summer, nearly 
40 horse-power is used by the mill but, in the winter, that amount of 
power is not always available. 


Methy River 


This river rises in Methy lake, at the southern end of the well- 
known Methy portage, which crosses the divide between the Churchill 
and Mackenzie watersheds. Methy river follows a very sinuous 
course in a south-easterly direction; its waters flow into Buffalo lake, 
and, ultimately, through the Deep river, to [le-a-la-Crosse lake.. The 
river is broken by several small rapids, the first of which is situated 
six miles below Methy lake, and has a descent of ten feet in two- 
thirds of a mile; the stream here is about 30 feet wide, with banks from 
five to ten feet high. One-half mile downstream is another small 
rapid, one-quarter mile in length, with a descent of three feet. 

Extending for a distance of six miles above the mouth of White- 
fish river is a succession of small rapids, with a total descent of 
approximately 40 feet. The greatest fall in a short distance is five 
feet and the pitches become greater in the lower part. The river, 
along these rapids, is between 40 and 60 feet wide; the banks are 
low and marshy in the upper part but somewhat higher (five to ten 
feet) in the lower section. 

Situated immediately below Whitefish river, and extending over 
a distance of two miles, is another series of five rapids, with a total 
descent of five feet. 

The discharge of Methy river, taken in September, 1912, was 
found to be 95 cubic feet per second, at a point one-quarter mile above 
the mouth of Whitefish river. The river was 53 feet wide at this point, 
the maximum depth 5-4 feet, and the greatest mean velocity in any 
one section 0°57 of a foot per second. 


CHAPTER XVII 


Yukon River and Tributaries 


The Yukon is navigable for steamers from its mouth, on Bering 
sea, up the Lewes branch as far as Whitehorse rapid. 

This great stream has an average width in Canada of over 400 
yards and, flowing around numerous low, wooded islands and shift- 
ing bars, has a steady current of about five miles per hour. Its 
valley is comparatively narrow, with few flats, while the river, sweep- 
ing from bank to bank in easy curves, washes alternately the bases of 
the hills on either side. 

Although the Yukon river proper is free from rapids, many of 
these exist on several of its tributaries. 

Various estimates have been made of the discharge of the Yukon 
by both United States and Canadian engineers, but, until 1911, it had 
not been found practicable to establish a regular gauging station on this 
river. In May, 1911, a station was established by the U. S. Geological 
Survey at Eagle, Alaska. As this town is very near the international 
boundary, the results obtained are of equal interest to Canada. 

The following table shows the mean monthly discharges for the 
years 1911-1913 at Eagle, Alaska: 


Mean discharge in second-feet Second-feet per square mile 
Month NAMASTE RRMA Ty sane 
1911 1912 1913 1911 1912 1913 
JVanuaty 2s. 21,000 21,000 21,000 0.172 0.172 0.172 
February ... 15,000 15,000 15,000 A 123 .123 
March y./}4\, 11,000 11,000 11,000 .090 .090 .090 
Norlin 12,000 12,000 12,000 .098 .098 .098 
May) en frk4 156,000 125,000 117,000 328 1.02 .959 
Tee NE 184,000 160,000 199,000 1.51 1i32 1.63 
Partin ula 178,000 147,000 164,000 1.46 1.20 1.34 
August .... 139,000 127,000 133,000 1.14 1.04 1.09 
September . 106,000 73,600 90,000 .869 .603 .738 
October ... 60,000 51,000 55,000 .492 .418 451 
November . 37,000 37,000 37,000 .303 303 303 
.230 1200 .230 


December .. 28,000 28,000 28.000 


A maximum discharge was observed on May 22, 1911, when the 
discharge was 253,000 second-feet. 
In the summer of 1887, Dr. G. M. Dawson found the flow at fort 
Selkirk to be 66,955 cubic feet per second. Water-marks indicated 
[256] 
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that in the preceding spring the flood discharge had been at least 
167,400 c. f. s. The engineers of the Dominion Water Power branch 
are now making a reconnaissance examination of the water-powers 
of the Yukon territory preliminary to a thorough investigation of its 
water resources. 


Porcupine River 


The Porcupine heads near the Yukon river, approximately in 
latitude 65° 30’ N., and after describing a great semi-circular curve 
to the northeast, falls into the same river a hundred and fifty miles 
farther down. At its most easterly point it approaches within eighty 
miles of the Mackenzie, but is separated from it by the main range 
of the Rocky Mountains. Its total length approximates .500 miles. 

From its headwaters in three small lakes the Porcupine flows north- 
ward as a fair sized stream in a valley one mile wide, the bottom of 
which is well timbered. The descent in the river in its extreme 
upper portion is very steep, 200 feet per mile being estimated in some 
places. The river has numerous tributaries and rapidly increases in 
size. Immediately above the Fishing branch, the descent is fairly steep 
and estimated at 400 feet in eight miles. The river leaves the moun- 
tains opposite mount Dewdney, twenty miles below the Fishing branch, 
the descent being 300 feet in this distance. There are no dangerous 
rapids on the river which, everywhere, flows with a swift current 
over a bed of lime gravel. Below its exit from the mountains it winds 
through an undulating and wooded country, the banks being nowhere 
more than 100 feet high and generally of clay with black shale ex- 
posures. Above lat. 66° 30’ the river is too swift for steamboat navi- 
gation but below this point, no difficulty would be found for 
moderate sized craft as the current becomes very slow and the 
descent in the river almost inappreciable. 

From Bell river to Driftwood river, a distance of over forty miles 
by the course of the river, the Porcupine has a general north-westerly 
trend, but makes a couple of minor bends to the north-east. Its width 
varies from one hundred and fifty to two hundred yards, and its 
current barely averages two miles an hour. The valley is generally 
rather wide and shallow, but at one point about ten miles below Bell 
river, becomes somewhat contracted, and for some miles has the 
appearance of a wide cafion. The banks here are high and steep, 
and are formed of broken fragments of hard quartzite. Below the 
contraction it resumes its usual character. 

Below Driftwood river the Porcupine makes a sudden bend of 
several miles to the north, and then turns west to the head of the 
Ramparts. The distance between these two points, measured along 
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the tortuous course of the river, exceeds seventy-five miles. The 
river in this reach has a width of from 200 to 300 yards. No rapids 
occur, and the current does not average over two miles an hour. 

The Porcupine while passing through the Ramparts contracts con- 
siderably, and in places does not exceed seventy-five yards in width. 
Its current is more rapid than in the upper part, and was estimated 
to run at the rate of from three to four miles and a half an hour. 
Short riffles, with a much gréater velocity than this occur occasionally, 
but no rapids or other obstructions are met with, which would prevent 
the navigation of the stream by small steamers. In the upper part 
of the Ramparts the banks rise steeply from the water’s edge on both 
sides to heights of from three to five hundred feet. 


Klondike District 


The Klondike gold fields have two important water-power devel- 
opments which have been in use for some time. From the descrip- 
tion of these, it may be judged that good water-power sites are not 
lacking in this district, but, unfortunately, little information is avail- 
able except regarding those in actual use. 

This district is situated on the east side of the Yukon river, and 
comprises approximately 800 square miles in the vicinity of the mouth 
of the Klondike river. At present most of the gold mining is done by 
companies which have spent millions of dollars in equipment and in- 
stallation, and are obtaining the gold mainly by dredging and hydrau- 
licking, the dredges usually being operated by electrical energy gen- 


erated by water-power. 
The Yukon Gold Company’s hydro-electric plant 


Yukon Gold é j r } ; 
Co.’s Develop- is on the Little Twelve-mile river, one-half mile from 
sneer its junction with the Big Twelve-mile or Chandindu 


river. Water is available from two sources, the Little Twelve- 
mile and Tombstone rivers. It is diverted from these rivers at 
points six miles and ten miles, respectively, from the power plant and 
carried to the plant by means of flumes; a static head of 710 feet is 
obtained, which is reduced to 680 feet under full load conditions. The 
equipment consists of three units of 54-in. single runner Pelton 
wheels, each direct-connected to a 625-k.w. revolving field gen- 
erator running at 450 r.p.m. The load is very fluctuating, vary- 
ing from 200 to 2,000 k.w. The electrical energy is generated at 
3-phase, 60 cycles, 2,200 volts, and the voltage is stepped up to 34,000 
volts; at this voltage it is transmitted to three sub-stations, two on 
Bonanza creek and one on Hunker creek. At the sub-stations it 
is stepped down to 4,400 volts and delivered to the eight dredges 
and various other mining machinery. At the point of consumption 
it is further reduced to 440 volts to operate the motors. 
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An additional line, 27 miles in length, is now under construction, 
to supply another sub-station at Gold-run creek. 

noe A feature of greater interest connected with the 
Waterway operation of this company is the giant ditch used to 

convey water for hydraulicking purposes. The main 
ditch receives its supply of water from the system supplying the power 
station on Little Twelve-mile creek. It comprises 64 miles of main 
line, composed of 15 miles of flume, 37 miles of ditch and 12 miles of 
pipe line, crossing five depressions. It has a capacity of 1,250 cubic 
feet per second and delivers water under a head of 500 feet at the 
Lower Bonanza hills. The Bonanza extension is 6 miles in length, 
has a capacity of 750 cubic feet per second, and crosses three depres- 
sions. The total length of the ditch system and extensions is 75 miles. 
A reservoir, known as the Bonanza dam, is used in connection with 
this system. As its name implies, it is on Bonanza creek, and has 
a capacity of 43,600,000 cubic feet, covering an area of approx- 
imately 40 acres. 

It is stated that sufficient water for operating is usually available 
from May 15 to October 10; water not used at the power plant is 
diverted into the main ditch. 

The Canadian Klondike Power Company’s power- 


North Fork 3 ; ‘ 
of Klondike house is near the junction of the North fork and 
ot Klondike river. The water is brought from the 


North fork, over a distance of six miles, through penstocks. The 
head obtained is 228 feet. There are two units, each consisting 
of a 5,000-h.p. Morris turbine, direct-connected to a 3,000-k.w. gener- 
ator. The electrical energy is generated at 3-phase, 60 cycles, and is 
transmitted 25, miles to dredges operating in the Klondike, Bonanza 
and Hunker valleys. 


Stewart River 


The Stewart is one of the main tributaries of the Yukon. It rises 
in the unexplored Pacific-Arctic watershed ranges lying between the 
heads of the Peel and Pelly rivers, and flows in a general westerly 
direction toward the Yukon valley. From Fraser falls to its mouth, 
a distance of nearly 200 miles, it is a large stream, seldom less than 
150 yards in width and often more than double this breadth. It is 
navigable by ordinary shallow-draught steamers to Fraser falls. From 
the Mayo river to its mouth, the current flows from three to five miles 
an hour with occasional accelerations on the bars. Above Mayo river, 
the current decreases to two to three miles an hour and bars are 
almest entirely absent. At the Fraser falls, the Stewart flows for a 
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third of a mile with great velocity through a narrow cafion bounded 
by vertical walls of hard quartzose schist. The word: “falls” is a 
misnomer, as the grade in the cafion is fairly uniform and the total 
descent is estimated to be only 30 feet. Above the falls the river is 
interrupted by occasional short riffles for several miles, but, farther 
up, its course is reported to be clear to the main forks, a distance of 
about 60 miles, and up the North branch for a considerable stretch 
beyond. The East branch is reported to be a rapid stream constantly 
interrupted by rapids and cafions. The principal tributaries of the 
Stewart below Fraser falls are the McQuesten and Mayo rivers, 
both fair sized streams, and Clear creek from the north, and Crooked 
river, Lake creek and Scroggie creek from the south. 


Pelly River 


The total length of the Pelly, following the course of the river 
from the Pelly lakes to the confluence with the Lewes, is 350 miles. 
A measurement in the summer of 1887 by Dr. G. M. Dawson indicated 
that the discharge at.‘‘Pelly Banks” was 4,898 cubic feet per second. 
The elevation at Campbell portage, 30 miles below the lakes, is approx- 
imately 2,965 feet, while that at the confluence is 1,555 feet, giving a 
total descent of 1,410 feet or 4.4 feet per mile. A considerable portion 
of the descent, however, occurs in numerous small rapids. Many 
islands are encountered along the course of the river, which follows 
two general directions, the first bearing N. 55° W., the second, N. 
87° W. These are parallel to the principal orographic features, 
respectively, of the upper and lower parts of the country traversed, 
and indicate the main slopes of the region. 

Just below the mouth of Hoole river, a rapid 600 feet long has 
a total fall estimated at ten feet. From this rapid to Hoole cafion, 
the stream is swift and contains several small rapids. 

The banks and beaches of the Pelly, above Hoole river, are gen- 
erally silty or muddy, although the strength of the current is sufficient 
to produce well-washed gravel-bars in midstream. Below Hoole river, 
the banks and beaches are as a rule gravelly, due to the swifter flow. 

At Hoole cafion, the river bends to the north-eastward and is con- 
fined between rocky banks and cliffs, about 100 feet in height. 
The descent in the cafion is 20 feet in a distance of three-quarters 
of a mile, measured along the river, or one-half mile by portage. 

The Pelly, between the cafion and Ross river, is swift and con- 
tains numerous small rapids. For slightly more than half the distance 
between the Ross and Glenlyon, the river continues to flow rapidly 
amid many islands and gravel-bars; the remaining portion is com- 
paratively tranquil, with the exception of the two rapids in the im- 
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mediate vicinity of the Glenlyon. The first occurs at an S-shaped 
bend, two miles east of the Glenlyon, while the second is immediately 
below the mouth of that stream. The upper rapid is wide and rather 
shallow, with rocky impediments. It is easily run with a canoe, but 
passage by steamers, except those of light draught, is dangerous at low 
stages of the river. The current in the second rapid strikes directly 
on the face of a rocky bank on the right of the river, forming a heavy, 
confused wash, but is otherwise unimpeded and deep. 

For a distance of 20 miles below the Glenlyon river, the Pelly is 
-unusually free from abrupt bends, and islands are few. It is bordered 
on the south by the Glenlyon mountains, the summits of which exceed 
5,000 feet in height. 

Twenty miles from the Glenlyon, the river turns abruptly north- 
ward, following an S-shaped bend, called the Detour, and cutting 
completely through the ridge which has previously bounded it on that 
side. As far as the lower end of the Detour, the current is rather 
swift, with a number of small rapids, although none is of such a 
character as to impede navigation. | 

The Granite cafion, below the mouth of the Macmillan, is nearly 
four miles in length, with steep, rocky, scarped banks and c'ffs, 
from 200 to 250 feet in height. In the cafion are several minor rapids, 
but the water is deep, and, except for isolated rocks, navigation would 
be quite safe for steamers, even at a low stage of water. 


Macmillan River 


The Macmillan river has a total length of about 285 miles. In 
the summer of 1887, Dr. Geo. M. Dawson determined the discharge 
at its mouth, 9,796 c.f.s. It divides at 150 miles above its mouth 
into two nearly equal branches, known as the North and South forks. 
The North fork carries the most water, and has a length of about 
135 miles. The South fork is probably of nearly equal length. 

The main river, in the first fifty miles, varies in width from 300 
to 500 feet, the current seldom exceeding three miles an hour. 

About fifty miles above the mouth, there is a stretch of rapid water 
five or six miles in length, above which the current is again generally 
slack for a further distance of fifty miles, although a few riffles occur. 
In the upper fifty miles, the current becomes much swifter, flowing at a 
rate of from three to five miles an hour. The .swiftest stretches occur 
at places where the stream has recently broken through the necks of 
ox-bow bends, and so shortened its course. The greater portion of 
the river is easily navigable, except at low water, by small steamers. 

The grade of the Macmillan is estimated at from one to two feet 
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per mile in the lower portion of the river and from two to four feet 
in the upper portion. The average grade throughout probably amounts 
to about three feet to the mile and the total fall from the “forks” to 
the Pelly is estimated at 450 feet. . 

The North and South forks are nearly equal i in size, but the former 
carries a much larger volume of water. The North fork is an exceed- 
ingly rapid stream and bears more resemblance to a mountain torrent 
than to an ordinary river. Between the forks and Cache creek, a 
distance of about 70 miles following the windings, the river falls 
about 12 feet to the mile. The current is uniformly swift throughout, 
running at the rate of from five to eight miles an hour. The channel 
in places is filled with boulders, and strong riffles are fre- 
quent, especially for some miles above and below the mouth of Husky 
Dog creek, but no strong rapids necessitating portages occur below 
Cache creek. Two and a half miles above this is the Big Alec rapid, 
a rough bedrock rapid a quarter of a mile in length. 

The South fork at its entrance to the main river is 250 feet wide; 
the current is slack for several miles above its mouth. For the first 
twenty-five miles, following the windings of the stream, the average 
¢crade is about three feet to the mile; from this to the cafion the 
grade is probably five feet. The speed of the current varies from two 
to five miles an hour. The cafion is 58 miles from the Forks, and 
about half a:mile in length, the river breaking into three rapids on its 
course through it. Beyond the cafion the valley widens out, the grade 
increases and the river runs swiftly around sharp bends and resembles 
the North fork in character during the remainder of its course. 


Ross River 


The Ross is one of the principal tributaries of Pelly river. 
Rising in the western slope of the divide between the Mackenzie and 
Yukon basins, it flows in a general southwesterly direction. Discharge, 
at its confluence with the Pelly, in the summer of 1887, was 4,900 
feet per second. 

For six miles above its mouth it is broken by swift water, the 
total descent in this distance being approximately 60 feet. “Above 
this point, it flows for about seventy-five miles with moderate current, 
and several shallow riffles. 

At False cafion, some twenty miles from the mouth, the descent 
is inappreciable although the current is quite swift; the banks imme- 
diately above the cafion being low, it would be difficult to develop 
power. From this point to Prevost cafion, approximately 70 miles 
above, the descent in the river averages 2.5 feet per mile. Prevost 
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cafion offers better conditions for power development; the descent in 
it is 20 feet in one mile and banks are of steep rock. There are two 
other rapids a short distance below and one eight miles above the 
cafion over which boats can only pass after being unloaded. The 
current in this portion of the river is everywhere very swift. Sheldon 
lake, twenty miles above Prevost cafion, is the limit of boat navigation 
in low water, but in high stages, Wilson lake, forty-five miles beyond, 
might be reached, the latter being only thirty miles from the divide. 
The cafion, 15 miles above Sheldon lake, offers no power possibilities 
as there is only swift water with no appreciable descent. Above 
Wilson lake to its source the stream assumes a very steep descent 
but the flow is so restricted as to exclude power development. As 
an example of the grade in its upper portion it is estimated that the 
stream descends some 600 feet in the first ten miles from the divide, 
and the descent in the next 30 miles below is approximately 825 feet. 


Lewes River 


The headwaters of the Lewes include several lakes, notably, 
Atlin lake 2,200 feet above sea and Tagish and Bennett lakes, 2,148. 
It flows in a north-westerly direction, joining the Pelly river at Selkirk 
to form the Yukon river. Immediately below the headwaters of the 
Lewes is lake Marsh, connected with Tagish lake by a wide, tranquil 
reach of river, five miles in length. 

Lake Marsh is 20 miles in length, with an average and very uni- 
form width of about two miles. The valley, of which this lake forms 
the centre, is very wide; the country in the immediate vicinity of the 
lake is low, consisting of terrace-flats, or low, rounded or wooded 
hills and ridges. 

In the summer of 1887, the discharge of the Lewes above the 
mouth of the Teslin was 18,664 c.f.s.; below the Teslin, it was 30,100. 
Whi About 30 miles below lake Marsh, the Whitehorse 

itehorse ; 

Rapidand Miles rapid and Miles cafion together form the most 
Cafion formidable obstacle to the utilization of the Lewes as 
a route into the interior, constituting a series of rapids two and three- 
quarter miles in length. 

The cafion is cut through horizontal, or nearly horizontal, basalt, 
and is not more than 100 feet in width; vertical cliffs, averaging 50 
feet, and never exceeding 100 feet in height, rise at the sides. It 
opens out into a basin in the middle but, elsewhere, the river is inaccess- 
ible from the banks. ‘Terraced hills rise above the basalt walls on 
each side of the valley, being particularly abrupt on the west bank. 
Although the river flows through the cafion with great velocity, it is 
unimpeded in its course, and is, therefore, not very dangerous to run 


with a good boat. 
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Between the Whitehorse and the foot of the cafion, the river is 
very swift. The descent in the cafion and Whitehorse rapid, covering 
the whole stretch of rapid water, is 49 feet. Additional fall, if nec- 
essary, can easily be obtained by damming the river at the head of 
‘the cafion. Its width here is about 90 feet, and it is enclosed between 
nearly vertical basalt walls. 

Lake Laberge, the lowest lake-expansion on this river, is 27 miles 
below Whitehorse; it is 31 miles long and from one and a half to five 
miles wide. It lies nearly north-and-south, but is somewhat irregular 
in outline and does not present the parallel-sided form and uniform 
width characteristic of the mountain lakes. 

Five-finger rapid, situated 55 miles above the mouth of the Lewes, 
is caused by the presence of several rugged, rocky islands which 
obstruct the river. The rapid is only a few yards in length, where 
the water flows swiftly between the islands. The channels are deep 
and unobstructed. 

Below the main rapid, is a second minor rapid, which appears to 
be somewhat stony. 

From its mouth to Five-finger rapid, the course of the Lewes is 
nearly straight, flowing north-westerly. In this portion of the river 
the current is swift throughout. 


Teslin River 


The Teslin river is the largest tributary of the Lewes. It is a 
large stream, averaging about 125 yards in width when confined, but 
expanding around islands. It has a total length of nearly 100 miles. 
The current is moderately swift for the first 70 miles above the mouth, 
varying from three to five miles per hour, with occasional accelera- 
tions where bars cross the stream. Thirty miles below Teslin lake, 
the grade lessens and the current decreases to less than two miles per 
hour. No rapids occur on the Teslin, but bars are frequent, and, 
on some of these, the water is so shallow in autumn as to interfere 
with navigation. 

Discharge at its mouth, in the summer of 1887, 11,436 cubic feet 
per second. 


Atlin River 


Tagish lake receives the waters of Atlin lake through one of its 
southern branches in British Columbia called Taku arm. Atlin river, 
the short stream connecting Atlin lake with the Taku arm, is reported 
to possess water-power possibilities. It is three miles in length, 
following its windings, with a descent of 38 feet, but the short rail- 
way between the two lakes leading over a low ridge is only two miles 
long. 


CHAPTER XVIII 


Coppermine, Hood, Dubawnt, Ferguson and Kazan 
Rivers 


The Coppermine river rises in approximate lat. 66°, long. 110°, 
flows south to lac de Gras, thence west and northwest to Coronation 
gulf; it is between 400 and 500 miles in length. The stream is swift 
but shallow and is broken by numerous rapids; most of these, how- 
ever, can be descended in canoes under the guidance of expert canoe- 
men. The river ice breaks up about the first of June and forms 
again about the first of October. | 

From Point lake the river falls into Red Rock lake, over a rapid 
100 yards wide, and flows thence into a smaller lake. Below this 
lake is a succession of rapids, extending for three or four miles, and 
bounded by rocky banks. Beyond the rapids, the stream expands to 
about 300 yards, flowing with a slower current. Rapids and calm 
water then alternate as far as the mouth of Fairy river, where the 
rapids end. Approximately 90 miles farther downstream, at the bend 
where the river resumes its northerly course, it narrows and forms 
a series of rapids. This section of the river flows between high ranges 
of mountains and the banks are of mud and clay. At the Rocky Defile 
rapid, near the mouth of the Kendall river, the Coppermine rushes 
turbulently for three-quarters of a mile in a deep, narrow and crooked 
channel; the banks, which resemble sione walls, rise to a height of 80 
feet. For a short stretch the river is shoaly, below which it again 
becomes swift, flowing between banks of sand and gravel over numer- 
ous, shallow rapids. Above and below Escape rapid, it flows between 
high, sandstone banks and is full of shoals and swift rapids. Bloody 
fall occurs about ten miles from the mouth of the river; it is a shelving 
cascade, about 300 yards long, having a descent of 12 feet. Both 
banks consist of high walls of red sandstone, 


Hood River 


Hood river flows into Arctic sound, one of the inlets south of 
Coronation gulf. It is from 100 to 200 yards wide near its mouth, 
with high, steep, clay banks and many sandy shoals. Ten miles above 
its mouth is a cascade from 18 to 20 feet high, caused by a ridge of 
rock, 


[265] 
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For a distance of seven or eight miles above this cascade, the river 
is full of shoals and rapids, until the foot of Wilberforce fall is 
reached. This fall occurs in a narrow chasm with almost perpendicular 
walls rising to a height of 200 feet. The river precipitates itself over 
the rock, forming two very picturesque falls in close proximity. The 
upper fall is approximately 60 feet high and the lower one over 100 
feet, while the total descent at this point probably exceeds 250 feet. 


Dubawnt River 


The Dubawnt river rises in Wholdaia lake, at an altitude of 1,290 
feet above the sea. It flows north-north-eastward for 285 miles, follow- 
ing its curves, to Dubawnt lake, descending in this distance approxim- 
ately 790 feet. For 175 miles of the course, it comprises the quiet water 
of larger or smaller lakes; the 110 miles of running water thus has an 
average descent of slightly more than seven feet per mile. The chan- 
nel is shallow, and both banks and bed are mainly composed of 
boulders. Its total length, from the head of Wholdaia lake to the head 
of Chesterfield inlet, is 750 miles. 

From Wholdaia lake the river flows in two channels, sul after a 
course of two miles and a half, opens into a small, irregular lake, with © 
low, sandy or stony shores; the underlying gneiss shows at but few 
places. From the north-western side of the small lake, the river flows as 
a rapid stream, 250 yards wide, with an even bed of boulders, but so 
shallow that in summer there is insufficient water for canoes. 


Groves of stunted black spruce are found here and 

yeneeuon, there; the trees are from six to fifteen feet high and 

usually much expanded at the base. Larches, scat- 

tered among the spruce, are much the tallest and largest trees in the 

groves. Their trunks, from eight to ten inches in diameter, are 
spirally twisted in the grain. 

Below the rapid portion above referred to is another small lake, 
with low, treeless, grassy shores and occasional sandy beaches. Beyond 
this again is a long, tortuous rapid, with a descent of about 12 feet, 
where the stream is crossed by a ridge of rock. At the foot of the 
rapid is a short stretch of quiet water. For five miles below this 
quiet water the river is very swift. The banks are low and grassy, 
and the country is flat and sandy or boggy; hills are rarely seen, while 
the underlying rock is nowhere exposed. 

The river then expands into an oblong lake, three miles in length; 
below the lake a long rapid, terminating in a swift chute over a rocky 
barrier, has a total descent of about 20 feet. 
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Ptarmigan rapid is a long, swiit chute, at the outlet of Hinde lake, 
passable by skilful canoemen. 

Ten miles downstream the river flows in a heavy rapid, between 
morainic hills; the sides of the channel are formed of walls of angular 
fragments of rock piled up and shoved back by the ice of the spring. 


At the foot of the rapid, the river expands into 

pitky Boyd Boyd lake, 21 miles long. For seven miles below 

Boyd lake, the stream skirts hills of boulders, with a 

rapid at every bend, and here, in the bottom of the valley, occurs the 

first exposure of rock seen for many miles. For three miles and a half 

farther down, the stream flows through a low-lying country, diversi- 

fied by small sandhills, boulders and broken rock. For the next five 

miles it flows in devious channels, usually with a swift current, at one 

place breaking into a swift rapid. The banks are gently rounded, 
stony slopes, green in parts with grass and moss. 

At the outlet of Barlow lake a heavy rapid descends about 12 feet; 
the banks consist of large boulders of red gneiss. 

A heavy rapid three miles long, with a descent of about 55 feet, 
is situated below Carey lake; the upper portion of the rapid is divided 
by a low, stony island. Below the rapid the river continues to flow in 
a north-easterly direction for several miles; there are stony, grassy 
slopes to the southeast and a glaciated rocky shore to the northwest. 

The river flowing from Markham lake is wide, and in places rather 
shallow, with a swift current. After a course of a mile and a half, it 
empties into the southeast side of Nicholson lake. 

From the north end of Nicholson lake, it flows northward for 
two miles and a half down a heavy rapid, with a descent of about 
49) feet; toward the foot of the rapid the bank is formed by abrupt 
cliffs of reddish, sandy till, filled with boulders, and steep walls of 
gneiss. Near the foot of the rapid the stream turns eastward, and 
for about six miles flows in the bottom of a valley from 150 to 200 
feet deep. The banks are composed of gneiss, while several narrow 
ridges of sand and boulders extend through the valley parallel to 
the sides. 

The river then becomes more diffuse and irregu- 
Dubawnt lar; after flowing for several miles it divides into a 
ane number of channels, as it enters an oblong lake, four 
and a half miles long. Between this lake and Dubawnt lake there are 
several short rapids over low ridges of gneiss. Dubawnt lake is a 
large body of clear, cold water, at an approximate altitude of 500 
feet above sea-level. In August, 1893, it was covered with ice except 
near the shores. 
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The outlet of Dubawnt lake is about 200 yards wide. It descends 
two slight rapids, and then, with a current of four miles per hour, flows 
through a wide and almost level plain, underlain by reddish till con- 
taining small pebbles and boulders. The channel rapidly deepens, 
with steep, green banks, and the stream rushes over long, swift rapids 
which test the dexterity of expert canoemen. 

Seven miles below Dubawnt lake, the river suddenly contracts, 
and for two miles dashes, as a foaming torrent, down a narrow 
gorge about 25 yards wide, descending 100 feet in the distance. The 
northwest bank is an almost continous wall of rock; the southeast bank 
is a steep, sandy slope, with numerous rocky points projecting into 
the gorge. At the foot of this heavy rapid, the river empties into 
Grant lake, which is seven miles long. On August 19, 1893, this lake 
was partly covered by an unbroken field of ice. 

For a distance of eight miles below Grant lake, the river is from 
200 to 400 yards wide, with a current of from three to six miles per 
hour. The low banks are composed, at first, of stratified gravel, but 
afterwards of rough masses of gneiss. At the end of this dis- 
tance is a heavy rapid, full of large boulders, caused by the stream 
flowing over a band of rock. The river then expands into three small 
lakes, below which, for three miles and a half, the current is very 
swift ; at one point there is a fall of ten feet, over a ledge. A portage 
250 yards in length passes this fall on the south side. 

Wharton lake, situated one mile and a quarter below the last- 
mentioned rapid, is 21 miles long and its greatest width is about 
seven miles. Below Wharton lake the river flows at first east- 
ward, and then southward for four miles to a small lake. In this dis- 
tance occur two rapids, with descents of 15 and 6 feet respec- 
tively. Five miles below the small lake is a rapid with a descent of 
20 feet, passed by a portage 400 yards long. At the foot of the port- 
age the river turns at right angles and flows northward through low 
country for seven miles as a wide, shallow, rapid stream. 


From Lady Marjorie lake, the stream flows north- 

rd Marjorie, westward for two miles to a swift rapid, falling over 
a ridge of granite, with a total descent of about 20 

feet. Fifteen miles below Lady Marjorie lake, the stream narrows sud- 
denly to a swift rapid, between walls of rock; below this, for several 
miles, it flows in a well-defined channel 200 yards wide, with steep 
banks of boulders and till, gradually increasing from 50 to 100 feet 
in. height. Twenty-six miles below Lady Marjorie lake, a narrow 
dyke of green diabase crosses the river, forming a heavy rapid, cailed 
Loudon rapid; for the next five miles, the stream continues to flow 
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north-westerly, with a current of four miles per hour. The banks, from 
50 to 100 feet in height, are often. scarped: The river has. all 
of the characteristics of a prairie stream; rolling prairie extends on 
both sides, and steep banks of till descend to the water. 

Aberdeen lake is 45 miles in length and about 16 miles wide in its 
broadest part, with an area of from 200 to 300 square miles. Schultz 
lake, which is 24 miles long, receives the Dubawnt river at its western 
end. From this lake the water flows northward for one mile and a half, 
descending a swift but deep rapid with a fall of five feet. It then 
enters a gradually deepening valley, and flows at the rate of six or 
seven miles per hour, between banks of stony till, thence south to 
Baker lake, which is approximately 45 miles long, and into Chesterfield 
inlet. 


Thelon River 


The Thelon is reported to rise in lakes northeast of lake Atha- 
baska, but its upper portion still remains unexplored. It flows north 
for the greatest portion of its course, turning sharply to the east in 
its lower course before entering Beverly lake. Above Eyeberry lake 
the river flows through prairie stretches, interspersed with spruce 
and tamarack groves. In this as well as in the portion below the lake 
a few rapids are encountered. Below the mouth of the Hanbury 
river it flows for 224 miles to its mouth, the average width being 
250 yards, the depth, 6 feet, and the current running three miles per 
hour. Over this entire portion, although several points with swift 
current are met, none of these can be called rapids as they may easily 
be passed in canoes. 


Ferguson River 


Ferguson river rises in Ferguson lake, in latitude 63°, about 20 
miles east of the north end of Yathkyed lake; it flows east-south-east- 
ward, parallei to Chesterfield inlet and at right angles to the course 
of Kazan river, directly into the west side of Hudson bay. Its total 
descent from source to mouth is about 400 feet, and its total length 
approximately 180 miles. In its lower portion it flows through a 
country of bare, rocky hills, but the lakes in its upper section lie in the 
midst of undulating, grassy prairie. 

Below Kaminuriak lake the stream flows very rapidly for a third 
cf a mile, with a descent of about four feet; then it opens into a small 
lake, below which it flows in two channels, enclosing a_ large, 
flat, grassy island. The eastern channel is wide, and its cur- 
rent sluggish as far as the head of a heavy, crooked rapid; there it is 
obstructed by a trap dyke, over which the water falls in an irregular 
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cascade, with a descent of 15 feet. At the foot of this cascade the 
western channel again joins the eastern. 

Farther downstream two small lakes are met, and the river flows 
rapidly from the end of the second lake north-eastward for two miles 
to a rocky gorge. It then turns south-eastward for two miles and a 
half among bold, rocky hills; reaching a heavy rapid, the water rushes 
through a narrow, obstructed channel between steep walls of diorite. 
Below this rapid, it flows eastward for two miles, in a straight chan- 
nel, with steep, rocky banks, and then traverses a small lake, whose 
outlet descends a rocky rapid for three-quarters of a mile. At the 
foot of the rapid, a portage, 800 yards in length, follows the east 
bank past another rapid which flows over boulders and jagged points 
of rock. Beyond the portage the river is swift but sufficiently deep 
for canoes; it flows between banks of rock, to a small fall which can 
be run with half-loaded canoes. Below this demicharge the river 
opens into Quartzite lake. 

Ten miles below Quartzite lake, the river breaks over a ledge of 
rock passed by a portage of 400 yards. Beyond this it traverses a 
small lake, and flows rapidly through till-covered country, studded 
with low hills of boulders, to a swift, chute, rushing through 
a narrow gap in a high ridge. The stream is then broken by two 
shallow rapids, and enters the northwest end of a narrow lake about 
six miles and a half long. This is the lowest lake on Ferguson 
river; from its south-eastern end, the river continues its very 
rapid course south-eastward for eight miles. Turning abruptly 
eastward, it flows with an easy current in a wide channel, with 
ridges of boulders roughly parallel to it on the south and a low 
escarpment of till about a mile distant on the north. For two miles 
farther eastward, it continues with varying current to a strong, 
crooked rapid, one-third of a mile long, over a bed of rock. Below 
this rapid, which can be traversed by canoes without much difficulty, 
is one-half mile of smooth water, to the head of another short rapid 
with a fall of ten feet. 

For three-quarters of a mile below this rapid, the river has a mod- 
erate current, after which it contracts and flows swiftly between 
steep walls of granite and trap. Immediately below this short gorge, 
it spreads over a wide bed of rounded pebbles, and, flowing swiftly 
for two miles and a quarter, passes through a rocky gap, and empties 
into Hudson bay at the head of Neville bay. 
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Kazan River 


The Kazan river rises in Kasba lake, which lies 50 miles east of 
Wholdaia lake and at an elevation of 1,270 feet. From this 
lake, the river flows for 220 miles north-north-eastward, parallel to 
the course of the Dubawnt river, to Angikuni lake. Throughout this 
distance the sloping shores are composed chiefly of boulders or boulder- 
strewn till. From Angikuni lake, the river turns sharply eastward 
for 90 miles, thence northward for 35 miles to Yathkyed lake. Below 
Yathkyed lake it has a length of probably 90 miles, to its mouth on 
the south side of Baker lake, giving it a total length of 490 miles. 

From Kasba lake the river flows with a slight current, over a bed 
of boulders to a lakelet. Below this it enters a well-defined channel, 
which varies in width from 100 to 300 yards, and rushes down a 
series of swift, tortuous rapids. These extend for a mile and three- 
quarters to the head of a cascade, with a descent of 15 feet. Thence, 
the river, traversing two small lakes, continues swift, in a shallow but 
well-defined, winding channel with wooded banks of sand or boulders, 
until the foot of the slope is reached at Ennadai lake. The descent 
from Kasba lake, a distance of 16 miles in a straight line, is approx- 
imately 170 feet. 

For two miles below Ennadai lake, the Kazan forms a heavy rapid, 
flowing over a bed of boulders. From the bend at the foot of this 
rapid, it flows swiftly eastward in a shallow channel over a bed of 
pebbles and boulders, descending about 200 feet in a distance of 17 
miles, measured in a straight line. 

A short distance below Sandy Hill lake, the river bends sharply 
to the north and continues to flow very rapidly for two miles; then 
it gradually widens and the current slackens, until, at several sandy 
ridges, it empties into the south end of a narrow lake, bordered by 
stony ridges. The water discharges on the east side of this lake in 
a swift rapid over a rocky cascade. 

From the outlet of Angikuni lake, the river flows eastward for 44 
miles, with a constantly varying current; at times it rushes headlong 
down a narrow channel, and, again, spreads out over a wide bed of 
boulders, packed by the ice into as even a pavement as the size and 
shape of the boulders permit. In two places the river expands into 
small lakes. At a point 30 miles below Angikuni lake, it falls 20 feet 
over a ridge of gneiss, beyond which it flows with a rapid current to a 
second fall. Below this is a heavy cascade, through a narrow, rocky gap, 
where the river enters a gorge; the depth of the gorge, 60 feet, repre- 
sents the total descent from the head of the upper fall, a distance of 
a mile and one-half. 
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For 17 miles the river is an almost continuous, heavy rapid, at 
the end of which is a portage, one-half mile long. This portage is 
on the south bank and passes rough water, where the river drops in 
a series of cascades over rocky ledges, descending about 20 feet. 
Below this rocky portage, the stream flows rapidly eastward for five 
miles; it then bends to the north, and continues for ten miles to flow 
over a bed and between banks of boulders, with a strong current. 
At the end of this ten-mile reach, it expands into a small lake two 
miles long; the outlet of the lake is a heavy rapid, 140 yards long, 
with a fall of ten feet over a ridge of gneiss. 

For five miles and a half, the stream continues with a moderate 
current in a channel which bends toward the west, until it rushes 
with a very strong current between rocky islands, and thence, 
in a low fall, over a rocky ledge. Below the islands, it widens and 
becomes less rapid, flowing between sandy banks. Ten miles beyond 
is a place called by the Eskimos ‘“Palelluaw,” where the river is deep 
and narrow. 

Below Palelluaw the river remains deep, with a slackening cur- 
rent, and the banks of sandy slopes are replaced by rugged walls 
of angular boulders. 

Kazan river gradually widens to a bell-shaped mouth, with no 
trace of a delta deposit, where it enters Yathkyed lake. From this 
lake it flows north into Baker lake, but has been explored only for 
a distance of twenty-five miles, to a point where the portage to the 
headwaters of the Ferguson river is made. In these twenty-five miles 
two rapids and several small lakes occur, and a high fall is reported 
farther down at a short distance above the mouth of the river. 
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TABLE OF WATER-POWERS ON SASKATCHEWAN RIVER AND 
TRIBUTARIES AND STREAMS FLOWING INTO LAKE WINNIPEG 


Reference numbers preceding the names of power sites correspond to numbers 
on Water-power map in pocket. 


Possi- 
ae Horse-power 
: avail- |— Remarks 
Power site able Theoretical 
head minimum at pre- 
in feet available sent 
WINNIPEG RIVER: i 
. 50,400 a 
AEP ELST etal igh le iskcdey veld on ' 84.000 b " | : 
1 76,200 a preliminary head of 
ag Me cei M Rae 56 +127°000 b 46 feet could be de- 
veloped at first. 
2 24,500 a 
3. McArthur aay 18 ' 40,900 b 
rr ee 13,200 a Flow through Pinawa 
Me Mr AU Ce ON Fey gay 39,500 b channel has been 
Up canine ha 16,800 a deducted (in ‘cal- 
Ae rhe as 50,500 b culating h.p. avail- 
able. 
5 ee channel ..| 39 35,500 28,200 | *Winnipeg Electric 
* (Upper Pinawa .. 18 16,400 _ Ry. plant. 
35,500 a 
G Slave’ fall oc .. 26 59,100 b pe ne 
: : 61,400 a ; innipeg unicipa 
PG ae ae 45} (102,008 electric plant. 
WHITEMOUTH RIVER: 
8. Whitemouth fall 20 102 it At mouth of river., 
9. Below town of} 
Whitemouth ..... 20 102% | Three miles below 
town. 


ROSEAU RIVER: 
10. Near Dominion 


SEEN eras ra ee tate ah 15 68 g Local report; not sur- 
veyed. 
RED RIVER: 
11. Lockport, Gov. dam 15 3,400 g 
SOURIS RIVER: 
12. Above Souris .... 25 One mile above town. 


ASSINIBOINE RIVER: 


7 il t of 
13. Currie Landing ...| 18 Dee sins abs I hal 
14. Millwood \)........ 18 at Abandoned mill site. 


(a) Shows possible h.p. for the minimum natural flow of the river, assumed 
as 12,000 second-feet. ) 

(b) Shows possible h.p. for the minimum regulated flow of the river, 
assumed as 20,000 second-feet. ‘ 

*34,000 h.p. installed; 28,200 h.p. now (May, 1916) in use. 

+47,000 h.p. installed; 25,000 h.p. now (May, 1916) in use. 

tFor footnotes c to 7; see end of Appendix I, p. 280. 
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Power site 


MINNEDOSA RIVER: 
15. Two miles 
mouth 
16. Four 
NOME NOOR 
17. Eight miles 
NW EROTIER GAG NG Ga 
18. Eighteen miles 
from mouth 
19. Thirty-five 
from Mouth 2's 
20. Minnedosa 


cooceeseeceeee 


eevee 


eceoeceeee 


BIRDYTAIL CREEK : 


below 


Y% mile 
a. | a Birtle 
Birtle 
22.12 miles 
Birtle 


eeeece eee ee 


eevee sceceeeeve 


SHELL RIVER: 
23. Asessippi 


eoeceeoveerve 


VALLEY RIVER: 
24.'Sec. 18) Ep, | \26, 


Fe A HEM a 
Bor See 16, Dip. N26: 
£2 Oe 8 AR TL PA 
LO Sec Shy Lan tinee, 
LE gana UNM TAE I US ARS 
BA CON AL OREO Yeo 
PR aay Sie RO yh 


Mossy RIVER: 
28. At Winnipegosis 
29. At Fork River 
WATERHEN RIVER: 
30. Meadow portage 


Horse-power 


Theoretical 
minimum 
available 


685 f 800 
910 f 

1,030 f 

1,070 f 


455 f 
570 f 


100g 
250 g 


100g 

227 g 50 
22h 
22h 


64h 
59h 


74 
74 ¢ 


5,100 e 


Used |. 
at pre- 
sent 


Remarks _ 


Brandon Electric Lt. 
Co. Not used in 
winter. 


150 | Minnedosa Power Co. 


Capacity installed, 


450 h.p. 


Flour and grist mill. 


This site is not on the 
river, but is on the 
portage route be- 
tween the two 
lakes. The normal 
head is 18 _ feet 
but may be re- 
duced to 15 feet by 
storms. 
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Possi- 
ble 
. avail- 
Power site ble 
head 
in feet 
SWAN RIVER: 
31. At Swan River 14 
DAUPHIN RIVER: 
32. 114 miles from 
POUIELD  aiesuleeeeisiee 16 
33. 4 miles from mouth 28 
34. 20 miles from 
TROTIER tial ee wih aus 6Y% 
FAIRFORD RIVER : 
35. (Ate Pairtord 30.06% 8 
MANIGOTAGAN RIVER: 
ce Paley ous 55 
36. Pools fathi wo. 8 
| s rapid above 
Poplar fall a 12 
37. 4th rapid above 
Poplar fai vie? 30 
ARQ remniles rom 
38 ee CE CRIA RU aE 12 
TD Mee STEER ls SOOT 
TIOHMEED Rey cat Lb 138 
BO Charles (falt ies.) 34 
40. Turtle Cascade ... 28 
2nd Rapid above 
4] | Turtle Cascade 21 
Caribe fauy yeu, 27 
PIGEON RIVER: 
42. The Two chutes .. 6% | 
43. Sturgeon fall Me 8 
44 ee 65 ka Mae a Salon 
“hroplar fap... lly 
Slide rapid.) oe 5 
45 4 Lower Caribou 
ay 8) Ca I aR PN i 10 
46 aibiee Rock chute 84 
‘ \Adjoining rapids 7% 
Rapid, 1% m. 
47 above last’ sin. 5 
Hawk chutes 17 


Horse-power 


Theoretical 
minimum 
available 


40 h 


275 


Remarks 


Includes raising na- 
tural head 15 feet. 


Includes four miles 
of rapids above. 
Includes two miles of 

rapids above. 
Includes three miles 
of rapids above. 
Includes nine miles of 
rapids above. 
Includes Ist rapid 
above. 


Includes rapid below. 


Includes Caribou and 
Narrow Rock rap- 
ids, 2 miles long. 


250 yards across port- 
age. 


Two chutes 200 yards 
apart. 


ES TEES TEST OIE OT A AS ALI A EL AE TL TTA NTT SR A SSL TTT PE HE NIE, 


Remarks 


Head to be created by 
dam. 
Includes rapids above. 


Two short rapids % 
m. apart. 


Includes rapid % m. 
below. 


One quarter nile 
long. 
Includes Wolverine 


and Flat-rock rapids. 
1% m. long. 


Includes Oldhouse 
and Flag rapids. 
Includes Stick, Water 
and Road rapids. 


Includes rapid % im. 
above. 

Includes Liver rapid. 

Includes Child, Wolf 
and Etomami rapids. 


Includes rapid % m. 
below. 


Includes rapid above. 


814 m. above White- 
mud rapid. 


4% m. below Thun- 


der lake. 
2m. above Thunder 
lake. 
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a Possi- 
ble Horse-power 
; avail- |. 
Power site able | Theoretical Used 
head minimum at pre- 
in feet available sent 
PIGEON RIVER—C ontinued. 
Long. current)... 20 3,200 d 
48. 
High: ‘chuté 2... : 15 2,390 d 
f Sturgeon-skin 
A CNUIGE hae ais 7 1,110d 
| Peacock rapids 21 3,340 d 
50. Rapids, 6 miles 
above ast.) oi )owiis 6 950 d 
Si) Grass. rapid). 6 950 d 
52. Balsam rapid 10 1,590 d 
So) oninine tally gout: 29 4610 d 
BERENS RIVER: 
Sa ISSN tapid vee bias 11% 1,180 d 
59) \Islandynapids (iu... 17 740 d 
56. Roundtent chute 
got Ube ia cae 14 1,430 d 
57. Moose portage ... 1234) 1,280 d 
58. Oldhouse rapid ...| 20 2,050 d 
: Ae ect chute 15 1,530 d 
9. 
Whitebeaver rapid} 10% 1,070 d 
_60. Smoothrock rapid 7% 770d 
61 f Sandisland chute 15 1,530 d 
*\ Crooked rapid 26 2,660 d 
62. Painted Moose 
fs, 6) 6 cA AWE NC PE 13 1,330 d 
63) Crane rapid iin. 7 770d 
64. Nightowl rapid 40 4,100 d 
65. Little Grand rapid 21 3,820 d 
PopLAR RIVER: 
66. Pirst rapid? sini ss. 10 740 d 
6/7. Balsam’ ‘rapid’. 4'... 12 890 d 
68. Whitemud rapid .. 9 660 d 
Rapid, iit eee any 4 300 d 
69. ae Nani 9 660 d 
PATE WE Ben Cine als 4 300 d 
EM SC Es RM, sale 9 660 d 
910d 
1,135 d 


4 m. above Thunder 
lake. 


Power site 


Bic BLACK RIVER: 


4» [Rapid 
73. \cathesd rapid 


74 a rapid 


APPENDICES 


oe ee ee 


*Visland rapid 7....; 


Mink rapid 
Rapid 
45. 


eoee 


Rapid 


Rapid 
Rapid 


76. Rapid 


Rapid 


aeoee 


eooes ? 


ee ee er 


ee ee oe 


a eeee 


ec eceo ee 


22 e 2 @ © 


eeeree 


77, { Adjoining rapids 


Rapid 


oe eo 


eee ee 


za eos ae 


oe eee @ 


o> es ere 


$e 0,! @) \6) '* 


SASKATCHEWAN RIVER: 


79. Grand rapid 


eoceeee 


. Red Rock rapid .. 


81. Demi-charge rapid 
82. Tobin and Squaw 
PADIS Va ca ates 4 
83. Cadotte and Nipa- 
win’ rapids ® ilo. 
84. Rapid 4 m. above 
CAC OLPER |i) oes i 
85. Rapid 29 m. above 
COAOLL er, Maer s A. 


S. SASKATCHEWAN RIVER: 
86. 15 m. below Sas- 


katoon 
Bow RIVER: : 


oee? 


87a. Bassano dam 


87b. Sou. Alta. 
Co’s. dam 
Bret alcary sedate ees + 


Land 


zee ec ee @ 


Horse-power 


Theoretical 
minimum 
available 


520 d 
280 d 
850 d 
510d 
170 d 
240 d 


1,940 d 
250 d 


180 d 
120 d 


280 d 
310d 
130d 
180 d 
130d 
130d 
520 d 
260 d 
140d 


110d 
300 d 


41,000 
7,700 
7,700 
9,500 

10,000 
2,700 


1,900 


1,700 


Remarks 
Used | 
at pre- 
sent 
5 m. above mouth. 
1244 m. above Mink 
rapid. 
144 m. long. 
131%4°m. above Long 
rapid. 
114 m. above Pelican 
rapid. 
11 m. above Skunkfeet 
I rapid, 
| 1 m. long. 
13 m. above Adjoin- 
ing rapids, 
116 m. above Adjoining 
rapids. 
16 m. long. 
|7 m. long. 
12 m. long. 
134 m. long. 
i 
180| Used in operation of 
dam. 
600 | Calgary Water Power 


Co. has steam aux- 
iliary. 


* Heads given show natural descents in rapids as obtained from precise 


levelling by the Department 


at good power sites, six of 


16114 m. below 
10154 m. below 
84 m. below 
70 mm. below 
5114 m. below 
3834 m. below 


of Public Works; these may not necessarily occur 


which are reported at the following places: 


Prince 
Prince 
Prince 
Prince 
Prince 
Prince 


hea 
head 
head 


Albert, 
Albert, 
Albert, 
Albert, head 
Albert, head 
Albert, head 


d of 60 feet 


of 30 feet 
of 40 feet 
of 55 feet 
of 40 feet 
of 40 feet 


possible. 
possible. 
possible. 
possible. 
possible. 
possible. 


| 
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Power site 


head 
in feet 


Bow rIvErR—Continued. 


Be PROTON: Ge uieineione aie | 44 
PN cS e a OMAN AN 50 
OO) NERO SHOT a aki eaL sas 47 
GP Bow Ore: evaews 66 
92. Horseshoe. fall ... 70 
93. Kananaskis fall ... 70 
ee OI Ge AUB NCte OR 64 
ELBOW RIVER: 
95) See: 15 i mh 22) Re: 
SRI Oe ON ON 225 
KANANASKIS RIVER: 
Upper ‘site? (ii... 70 
06: Central) site 2.402. 70 
Tower) Site ies bs 45 
CASCADE RIVER: 
97. Minnewanka ..... 64 
SPRAY RIVER: 
8) Spray rales Caw an 50 
LAKE LOovuIsE: 
99. Can. Pac. Ry. hotel} 130 
Rep DEER RIVER: 
100. 13 m. below Red 
TOSS GET a Wee) 25 
101.8 m. below Red 
1 oS UP ROP HMR: Mea, Mey 25 
102. At Red Deer ... 15 


Horse-power 


Remarks 
Theoretical Used 
minimum at pre- 
available sent 

3,500 e 

8,000 f 

3,970 e 

9,080 f 

3,200 e 

8,000 f 

4,500 e 

11,240 ; 

4,780 e 19,500} Calgary Power Co’s. 
11,910 hydro-electric plant. 
4,780 e 12,000 | Calgary Power Co’s. 
11,910 hydro-electric plant. 

1,500 e Should not be consid- 
ered for power pur- 
poses on account of 
the scenic value of 
the waterfall. 

4,500 Other scheme using 
head of 500 feet 
also possible. 

Heads would be 
created by dams in 
connection with 
storage project, 
with the flow sub- 
ject to storage re- 
quirements. 

1,450 f 

This site would be 
flooded out by pro- 
posed storage pro- 
ject. 

130 | Electric plant. 
570 e ) These two sites may 
be combined giv- 
570 e J ing a head of 50 


feet. 
340 e 


+The economic development of these sites is questionable. 
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; 3 Horse-power 
fs avail- Remarks 
Power site able Theoretical Used 
head minimum at pre- 
in feet available sent 
BLINDMAN RIVER: 

103. AX Mouth iil, 30 200 | Lacombe electric 
plant; have steam 
auxiliary. 

BELLY RIVER: 
104. aa CNR Ny SMU dtd 
1d RN a 1,200 Approximate estim- 
ate. 
St. MARY RIVER: 
BOS See) 25, Tp. ho Re, 
0 ARAN Ohe MB UO ML 238 3,400 e Intake 7 m. distant. 
See text re limita- 
tions due to irriga- 
tion. 
LEE CREEK: 
BOO CC OLOStON Tess i2/ Intake 4 m. distant. 
TIB CREEK: 
107 Pp Li Res! Z8t 349 Intake 4 m. distant. 
WATERTON RIVER: 
108. Sec. 24, Tp. 1, Rg. 
18 EUAN OU AOA SRR 50 
OIL, CREEK: 
100) See:!'23.) Tp 1) Re: 
CU ENS ERNIE 250 392 7 
BLAKISTON BROOK: 
110. ue 5, ~Lp.’ 2,« Re 
PACU Dp UN aA 158 Intake 5 m. distant. 
ee RIVER : 
See GONE Dunne. : : 
1 Trp aOR ERC AN cM tN 4 350 e 
111.4 Sec. 6, Tp. 6, Rg. 1] 100 800 ¢ ail 
Sec. 24, Tp. 6, Rg Pas na 
AGAR 40 320 e vis 
MILL CREEK : 
Mountain Mill .... 30 80d Head created by dam. 
CROWSNEST RIVER: 
112. Near Lundbreck 40 270 e 
N. SASKATCHEWAN RIVER: 
RISC crooked rapide 27 3,100 3 m. long. 
114. Horseshoe and 
Stony rapids* .. 15 1,700 11%4 m. long. 
115. Steep Creek rapid*| 18 2,000 2 m. long. 
116. Cole fall and 
PUD ICS ( Vuuinty mean eis 28 3,200 5 m. long, under con- 
nd: Rocky rapid (above struction, 
Edmonton iii. 85 28,000 f 
STURGEON RIVER: 
MG Near | mouth. <.0)% 23 250 | Fort Saskatchewan 


electric plant. 
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Horse-power 


ah} SD USESCEGE EULA NEG EYRE MANE I Remarks 
Power site : Theoretical | Used 
i| head minimum at pre- 
available sent 
BRBAZEAU RIVER: 
119. 300 ft. below 
: 700 e 
Southesk river .. : 1,400 f 
CLINE RIVER: 
120. Near mouth ...... 680 
McL£op RIVER (tributary of 
Athabaska river): 
900 e 


121: Neat Edson’... 2.). | 


(c) Shows possible h.p. for the minimum flow of this river, assumed as 
26 second-feet. 

(d) Shows possible h.p. during period from May to November. 

(e) Shows possible h.p. for the minimum natural flow of the river. 

(f) Shows possible h.p. for the regulated flow of the river. 

(g) Shows possible h.p. during the period from May to October. 

th) Shows possible h.p. during the period from April to October. 

$) Shows possible h.p. during the period from May to October, assumed 
flow of 45 second-feet. . 

(7) Shows possible h.p. during open water season. 
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TABLES OF ESTIMATED FLOW AND THEORETICAL HORSE- 
POWER ON STREAMS IN PRAIRIE PROVINCES, WHERE 
COMPLETE DATA ON FLOW ARE NOT AVAILABLE 


The great difficulty in arriving at figures representing the power possibilities 
of the different falls and rapids in the northern portion of the Prairie Provinces 
lies in the fact that very limited data exist upon which to base estimates of the 
minimum flow of rivers. This minimum flow undoubtedly occurs in winter, 
but as there is absolutely no information available to serve as a guide in esti- 
mating this, the estimates given in the tables are for minimum stages during 
open river conditions, or, approximately, for that part of the year between the 
months of May and November. What fraction of this tabulated minimum 
power is available during the winter would be difficult to say; during a favour- 
able year, possibly one-third could be obtained and probably much less than 
this during a severe winter. 

Wherever possible, the discharge of the river under consideration was 
measured and the minimum open river discharge estimated by comparing this 
with the flow in a river where more coniplete data were available. 

Where it was not possible to obtain flow measurements, the open river 
minimum was estimated from the area of the drainage basin, in some cases 
dividing the same in several parts and giving each part a different rate of run- 
off as obtained from the calculated run-off of the nearest basin where measure- 
ments had been taken. 

Table I. gives the drainage areas at different points of the rivers included 
in this appendix together with the open river minimum flow at these points, 
estimated as above described. 

Table 1I. shows the natural heads at the different rapids and falls enumer- 
ated with the corresponding open river minimum flow taken from Table I, either 
directly or by interpolation. The third column gives the theoretical horse- -power 
calculated from ‘the figures in the first two columns. 


TABLE I—DRAINAGE AND ESTIMATED FLOW OF RIVERS 


Estimated low water flow 
with open river. 
(May to Nov.) 
Second-feet 


Drainage 
River area. 
Square miles 


a ey 


NELSON RIVER: 


PC OMAE TL cuss 1s spats dere al as econ a A eaat so 450,000 51,000 

MOGVe put Makes. Moakeuuesamhiaie 431,000 50,000 
HAYES RIVER: 

IETS) AREER CLA AMBLER 3 One DMN eae 35,500 

POMEL OR EAMETS: nee a sie ner 5,350 P0600 

Above! Kies Make pina eerie se 2,350 750 

At Rebinson Lay hey grees wie sss 650 170 
ATHABASKA RIVER: 

RE Psetts oo kk Nees Ea eet 15.6. aie 61,000 16,000 

Casemie rapid deh tas el ee | 38,200 11,500 

Rrtanid) raped ay ieee en 36,500 11,000 
Pt: Atha pasita S028 pene eee ore es 29,200 10,000 

PNAS, TR EDN aE CERIN oss ook | 12,000 | 4,000 


COMMISSION OF CONSERVATION 


i) 
ie2) 
bo 


Estimated low water flow 
: with open river. 
River scene (May to Nov.) 


Drainage 


Square miles EUR AH  y D 


CLEARWATER RIVER: 
VAL LTA S Nek Ven poets Gok eae BOUT 5,000 1,120 
LESSER SLAVE RIVER: 
APNE sc Rn Peg UBC a OE 8,400 1,000 
PEACE RIVER: 
REO ER ee Ps RAS oC dee 115,000 25,400 
Vermilion! Caute: Soe eee 101,500 24,000 
Peace River Landing ye et 72,100 20,000 
POACE NCAR UN UU NIN aie 30,100 11,000 
NortH HEART RIVER: 

UL ANC Cs IEAM RO EAC RSLN ADL N OU a ne ab 470 25 
SMOKY RIVER: 

LY Nay ke as DOPE Sen UM TE ERE RP RE RSIS BaD SOHN 20,000 6,500 
SLAVE RIVER: 

LOOSE NPIT RCIA Visine oncgts Mud DN LMR A 232,000 70,600 
BLACK RIVER: 

Hyd aah bg A MORUU SE UR OO Nara TDR ST SOUT GE 26,400 5,900 

Aboveblack sake ivan soy dM 13,000 2,900 

Above Waterfound river .......... 6,800 1,500 
CREE RIVER! | 

Above Pipestone river ............ 4,200 900 
GEIKIE RIVER: 

PEIOW Le OOS TLVED sve te nek wn 3,200 700 

iApOve PoOortsn river (oe Ske ae 1,500 300 
CHURCHILL RIVER: 

Below South Indian lake ..-...... 97,100 15,400 

Above, South) Indian jake ute usec 88,700 14,200 

Below Kississing river ............ 82,200 13,300 

Below’ Reindeer (river ioe ee 75,900 12,400 

Below) \Rapid) river ney uals nee 51,600 7,200 

PE Via PASEL ONS oc bin dean aration ay 45,600 6,400 

UO VE OUT PEVEE Un ates euinie x uote lhe 43,700 6,100 

Above ‘Poster avers) aces ene 39,400 : 5,500 

Above’ Taultain vriver (aud ous 33,300 4,700 

Above Mudjatik river ......,...+. 29,600 4,100 
REINDEER RIVER: 

TS ha ds eae ma ORODM UIA ACSI an RN DOAN 22,600 5,000 

SAY ae Bays 5 aay RO cal 08 A 6 MONA at FT a 21,600 4,800 
Above rout, LIVED) cou ka diekiad 19,500 ] 4,200 

RAPID RIVER: 
ELI at 3 ob Wap mu an Ua Waveeieiad 5,700 260 
FostTER RIVER: 
VL GERRI ig Le re OG CR CMU a a a8 2,900 650 
Abowe: Sandy river duis wild 1,800 400 
MUDJATIK RIVER: 
Hy Past Oo EOKe RRND LOREM MITER URC TON, 7D MIAO 2,300 500 
Above ‘ Heddery river. eie.uy. 6.2: 1,300 300 
BEAVER RIVER: . 
Grand Taprds, oc UR et a 14,000 650 


METHY RIVER: 
Above Whitefish river ............ 1,000 50 
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TABLE Il—ESTIMATED WATER-POWERS 


| Estimated 


low water Avaii- 
Head | flow during able 
Power site (in open season | theoreti- Remarks 


feet ) (May to cal h.p. 
Nov.) (May to 
second-feet | Nov.) 


ny 


NELSON RIVER*: 
lst Last, Lime- 


stone rapidt 6 51,000 34,700 | 34 m. long. 
2nd Last Lime- 
122 stone rapidt 15 51,000 87,000 |1 m. long. 
Nihon vast) Times ; 
stone (rapid? 0:1) °16 51,000 57,900 |34 m. long. 
4th Last Lime- 
stone rapidt 10 51,000 97,900 |1%4 m. long. 
Lower Limestone 
123 OG ea nls sally 8 51,000 46,300 |% m. long. 
‘| Upper Limestone 
CALCU ON Shine 25 51,000 144,700 |34 m. long. 
Lower Long- 
124 Spruce) rapid) ioe )f)) 52 51,000 § | 301,000 |4 m. Iong. 
VA Wpper i. Mong- 
spruce rapid ..| 40 51,000 231,500 |2 m. long, 
ou Kettle rapid 40 51,000 231,500.35) mm) Jong: 
125. 2nd Kettle rapid 21% 51,000 124,500 |34 m. long. H.B. Ry. 
crossing, 
3rd Kettle rapid 17 51,000 98,500 |100 yards long. 
Ist,),Gill) rapid) on! 20 51,000 115,800 {14 m. long. Head 
could be raised to 
126 30 feet. 
‘| 2nd Gull rapid .. 20 51,000 115,800 | 500 yards long. 
Sod Gill rape su 2k 51,000 121,500 | 350 yards long. 
4th Gulk rapid ..| 17 51,000 98,500 | 36 m. long. 
127. Overfall rapidt Zo 51,000 144,700 | 14 m. long. 


128. Chain-of-islands 


CALS hiatus Hien Gin 4Y4 50,000 25,500 | 300 yards long. Pos- 


sible head 8 feet. 
20 50,000 $13,500) 160 0) yards.) across 
portage. Possible 
head 26 feet. 


129)\"Grand rapide 


130. Manitou rapid Por 50,000 142,000 |Head created by 
dam, 
131. Red Rock rapid .. 12 50,000 68,000 |900 yards long. 
132. Over-the-hill rapid 91% 50,000 | 54,000 noe head 13 
. eet. 
133. Bladder rapid .... lly 50.000 65.500 | 900 yards long. 
134. Whitemud fall 30 50,000 170,000 |500 yards _ across 
portage. 
135. Ebb-and-flow rapid 0% 50,000 54,000 
136. Whiskey Jack 
Sn 50,000 200,000 


POCTACES one va 


* The estimated flow and h.p. given for the Nelson river are based on a 
flow of 50,000 second-feet just below lake Winnipeg. 

+t Not favourable for development. 

t Also called Birthday rapid. 
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Estimated 
low water 
Head | flow during 
Power site (in | open season Remarks 
feet) (May to 
| Nov.) 
| Second-feet 
HAYES RIVER: 
137,23 am. below "The 
HOG Fc gay wan 35* 1,600 6,350) | Heads to be created 
138. 7m; below “The } by dams; _ river 
ROCK operas 35* 1,600 6,350 about 250 ft. wide. 
139) The Rock fall os. 7 5 1,500 850 
140. Whitemud fall ... mth 1,500 | 850 
Goya. 18 m. above 
141 - NL Re WROCK jai 5 1,300 740 
‘| Chute, 20 m. above 
genial ec HMR eos aaah 11 1,300 1,620 |200 yards long, in- 
j Bante, 22 m. above cluding rapids. 
LA OO Re WWROCK. | hs 10 1,300 1,480 {450 yards long. 
Muskeg rapid /1/|'' 8 1200 1/090 | 300 yards long. 
Chute, 2% m: 
above Muskeg 
143 POON) SIN ith eh, 10 1,200 1,360 |250 yards long. 
tN 8 SW 1 cs UCR ah a 
above Muskeg 
TRO MN 5 1,200 680 {110 yards long. 
Yellowmud rapid 5 1,000 570 | 200 yards long. 
Lower Drum 
144 Re A NL Bee 10 1,000 1,130 |500 yards long. 
‘| Middle Drum 
TAMU Le shies ay 7 1,000 800 | 200 yards long. 
Upper Drum rapid} 12 1,000 1,360 | 320 yards long, in- 
: cluding rapids be- 
low. 
a rout: fal oo lM 11 750 940 |250 yards long, in- 
145 cluding rapids be- 
: ey 1 m. above low. 
Preuevieay yo) 8 750 680 | 300 yards long. 
146. Rapid, 2% m. 
above Oxford 
Ake OP A 6% 350 260 {100 yards long. 
147. Rapid, 3 m. above 
Pine takes ic ee 7 200 160 | 200 yards long. 
148. Rapid, 8 m. above 
Pine lake \) 3.0% 5 200 110 |Head could be in- 
creased by dam 4% 
m. below in cafi- 
on-like part of 
river. 
149. Robinson fall ..... 56 170 1,080 | 34 m. across portage. 


* Aneroid observations show a descent of some 285 feet on the Hayes 
river between “The Rock” and the mouth of the Fox river, a distance of 
thirty-five miles. Heads would have to be created by dams; the height of the 
two given here are only arbitrarily chosen and other similar ones are possible 
in this reach. See general description of the river, p. 115. 
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Estimated 
low water Avail- 
Head | flow during able 
Power site (in | open season | theoreti- Remarks 


feet) (May to cal h.p. 
Nov.) (May to 
| Second-feet |, Nov.) 


ATHABASKA RIVER: 


Mountain rapid . 8 11,500 10,500 {1 m. long. 
150. { 5 m. above Mount-; 
WA aim Taped ihc. 6. 15 11,500 19,500 |4 m. long. 
Cascade rapid ... 7 11,500 9,000 {1 m. long. 
Little Cascade | 
151. TERI ek ses. Ne 3, 11,500 13,000 |2 m. long. 
Rocks rapid) us 12 11,500 15,500 |1%4 m. long. 
Crooked rapid .. 13 11,500 17,000 |1% m. long. 
Long rapid .....; 28 11,500 36,500 |3 m. long. 
152.4 Middle rapid ...| 20 11,500 26,000 |1% m. long. 
peiler rapid ast 25 11,500 32,500) 13 mm. long. 
$53: Bratexrapid ju: 8 11,500 10,500 |% m. long. 
Rapid at Pt. Bralé; 19 11,300 12,500 |2 m. long. 
154.4 Rapid 24% m. . 
_ above Pt. Brilé 10 11,300 12,500” |'1 m," Tong. 
155) Grand rapid’. ..':: 54 11,000 67,000 |3%4 m. long, includ- 


ing rapids imme- 
diately above and 


8 \ below. 

oR major rapids oo) i 6 11,000 7,500 |1%4 m. long. 
157. 7 m. below Stony 

PADIS MMA Zane 8 11,000 10,000 |1 m. long. 
158. Stony rapid 267): Si 11,000 6,000 |% m. long. 
159. Pelican rapid and 

rapid above... .. i? 11,000 21,000 | 2% m. long. 
160. 7 m. below Lesser 

Slivel fivet ico. 10 9,500 10,500 | 3% m.iong- 
160) Tp ssi Reiezi, | W. 

SL i Ste ues 80 4,000 36,000 | Over 1 m. long. 
162. 1p. Noo RR Oe Wi, 

Presta i ay) ce. 42 4,000 19,000 
163. Athabaska fall ...| 20 400 900 - 

CLEARWATER RIVER: 

‘Cascades rapid .. 16 1,120 2,000 |1 m. long. 

164.; Le Bon rapid ... 31 1,120 3,900 | 1% m. long. 
ee reecae rapid Un 1,120 900 |% mile long. 

165. Aux -Pins rapid ..| 21 1,120 2,700 |% m. long. 
166. Whitemud rapid .| 41 1,120 5,200 | 34 m. long. Head can 


easily be raised to 
50 ft., increasing 
h.p. in proportion. 


LESSER SLAVE RIVER: 
296) th. ftom 


NOUR ET rs Be as 8 2,000 |1%4 m. long. 
167.4734 m.from 
riot Mole en 1,500 |1 m. long. 


3,700 |2%4 m. long. 


9m. from mouth*; 15 


* These descents are taken from a profile plotted from levels taken by the 
Department of Public Works, and show the steepest portions of a series of 
rapids extending over a distance of nearly twenty miles from the mouth of the 
Lesser Slave river, with a total descent of 80 feet. 
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YS SUI es TUR RESETS DE EI ATE NE aS TS SS day Ca eR 


Estimated 
low water Avail- 
Head | flow during able 
Power site (in | open season | theoreti- Remarks 


feet) (May to cal h.p. 
Nov.) (May to 
Second-feet | Nov.) 


LESSER SLAVE RIVER—Con. 
12% m. from 
168 TROULN TACs e Re 1,480 
“4144 me from 
POUENE 9 yay 910 
STONY RIVER: 
169, Stony tall es 1,700 
McL£Eop RIVER (See App. 
I p. 280) 
PEACE RIVER: 
170. Boyer or Little 
Mapa Gite cower 8 34 m. long. 
171. Vermilion fall and 
PAPI scsniunvony Gay 26° 24,000 71,000 {134 m. long. 
172. Peace  Cafion 
FAPLGS Eure 225 11,000 282,000 |18 m. long follow- 
ing rivers. 11) \m, 
across portage. 
SLAVE RIVER** : 
Drowned rapid .. 13 70,600 104,000 | 1% m. long. 
173. | Belca fapid yen 10 70,600 80,000 | 3 m. long. 
Mountain rapid .| 25 70,600 200,000 |1 m. long following 
river; 4 m. across 
portage. 
‘Rapid above 
75. | Mountain rapid || 42 70,600 336,000 |2 m. long. 
Cassette rapid ...| 27 70,600 216,000 {1 m. long. 
BLACK RIVERS: 
175. 8 m. above mouth 8 5,900 5,400 | 2,000 ft. long. 
176. Below Middle lake| 160 5,900 107,000 |2 m. long. 
177. Elizabeth fall ...| 120 5,900 80,000 | 3%4 m. long. 
178. 8 m. below Porcu-: 
Hine TVER Us. be 25 2,900 8,200 | 3,000 ft. fong. 
179. North rapid ..... Pn Be 2,900 5,000 |1 m. long. 
180. Hawkrock rapid .| 10 2,900 3,300 
[Sh drink Virapid 23047 Whe 2,900 8,200 


* These descents are taken from a profile plotted from levels taken by the 
Department of Public Works, and show the steepest portions of a series of 
rapids extending over a distance of nearly twenty miles from the mouth of the 
Lesser Slave river, with a total descent of 80 feet. 

+t Not suitable for development. 

tIn British Columbia. 

** The five rapids enumerated under the Slave river are known collectively 
as the Fort Smith rapids; they extend from Smith Landing to Fort Smith, a 
distance of some 16 miles, and the total descent between these two points, includ- 
ing swift waters between rapids, would be in the neighbourhood of 135 feet, 
with 1,080,000 h.p. 

§ The descents in the rapids and falls on this river are taken from a report 
by J. B. Tyrrell of the Geological Survey (1896). 
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BLACK RIVER—Cov. : 


Manitou fall ..... 

182 Thompson rapid . 
ih Aty fan, 4) aDOVe 

Thompson rapid 


183. Above Kosdaw 
Dae ued ata 5 ike 

184. Above Waterfound 
ELVED eS a 
Above Crooked 
1g MIN I 

185. 1% m. above 


Crooked lake 
Below Hatchet 
lake 


CREE RIVER* : 
186.9 m. above Bad-, 


water river 
187. Hawk rapid 


GEIKIE RIVER* : 


188. Below Poorfish | 
river 
2 m above, 
| Poorfish river | 
* 14 m. above Poor- 
fish, Tren oe ae 
Above White- 
spruce rapid . 
190. Whitespruce 
rapid 
191. 5 m. below White- 
spruce rapids jc 

192. 2nd rapid below 

Whitespruce 


oe eee eee eee 


CHURCHILL RIVERt: 


194. Below Southern 
Indian) lake!) )... 

195. Above Southern 
Indian lake .... 


Estimated 

low water 
Head | flow during 

Power site (in 
feet) 


open season 
(May to 
Nov.) 


Second-feet 


2,900 
2,900 


2,900 
2,900. 
1,500 
1,500 
1,500 
1,500 


15,400 
14,200 


287 


Avail- 
able 
theoreti- 
cal h.p. 
(May to 
Nov.) 


Remarks 


5,000. | 350 ft. long. 
10,000 

2,600 

6,600 {1 m. long. 
1,700 

2,000 | 1,000 ft. long. 
2,400 |In two rapids. 
3,100 

4100 |3 m. long. 
3,600 |2 m. long. 
14,000 j1 m. long. 
6,000 |1% m. long. 
6,000 |2 m. long. 
3,400 |In two rapids. 
3,100 | 34 m. long. 
5,100 

2,000 

2,500 
31,000 

3,200 


*The descents in the rapids and falls on these rivers are taken from a report 


by J. B. Tyrrell of the Geological Survey (1896). 
tThe descents for numbers 194-213 are taken from observations by Wm. 
McInnes of the Geological Survey (1906). 
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i a a 


_ Estimated 
|. low water Avail- 
Head | flow during able 
Power site (in || open season | theoreti-. Remarks 


feet) (May to cal h.p. 
Nov.) (May to 
Second-feet | Nov.) 


CHURCHILL RIVER—Con.: 


196. Leabiirapid os ue 8 14,200 13,000 
197. Above Leaf rapid 2 14,200 3,200 
Granville fall ...| 25 13,300 38,000 
198. | Abn Granville | 
AT RRS Gs a 5 13,300 7,600 
( p18) (6 BUR Lo a eNO A 19 13,300 29,000 | Portage, 8 chains 
199. ; : | long. 
Rapid cose im 15 13,200 | 23,000 | Portage, 3 chains 
200. Below Pukkatawa- long. 
gan lake tae ook 4% 12,400 5,600 
POEL WERT iw ie TA au Leg Zz 12,400 2,800 
202. Redstone rapid ....| 15 12,400 21,000 
203. Below Loon river . 6 12,400 8,500 
204: "Two" rapids 2.550) 7. 12,400 10,000 
ist rapid above | 
Nemei river .. 14 12,400 19,700 
2nd rapid above | | 
205 Nemei river .. ER 12,400 15,500 
‘| 3rd rapid above 
Nemei river ..: 8 12,400 11,200 
4th rapid above | 
Nemei river .. ll 12,400 15,500 
VA BC SRe eG pl og: a3 Cs GR 11 12,400 | 15,500 
ZUG. arene yes ee 8 12,400 11,200 
ure Kate ean Linh 12,400 7000 
IWiainter anise 9 12,400 12,700 
Ist rapid above | 
207. Wintego ......: 3 12,400 4,200 
2nd rapid above | 
Bik WNT IEC RO) or i ae 25 12,400 35,000 
3rd rapid above | 
208 Wintego ...... 9 12,400 12,700 
"| ath rapid above 
Wintego ....... 4 | 12,400 5,600 
209 feo! PAG, 15 12,400 21,000 
Rete ey me Or te sR 7,200 14,000 
210. Grand rapid ...... 16 7,200 13,000 
11 Wee Papi sce 7 7,200 5,700 
VV Tetand) rapids. ve 9 F290 XT BOO 
IZ Whine iraprd via anton 7 7,200 5,700 
CIA Matave, apie tit ve. 4 6,400 4,600 
Z1A Mer Pan ETL ets 20 6,400 14,500 |%4 m. long. 
B15) BICC aUT, oe cull as 8 6,100 5,500 | 800 ft. long. 
216. Above Black Bear 
Island: takcet \i.\ we 6 


| 6,100 4,100 ha ft. long. 
| | 


t The descents in these are taken from a report by T. Fawcett of the 
Department of Interior (1888). 
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l || Estimated 
| || low water |, Avail- 
Head | flow during able 
Power site (in open season | theoreti- | ' Remarks 
feet) (May to |: cal hp 
ii Nov.) (May to 
‘| Second-feet | Nov.) 


———__—. 


CHURCHILL RIVER—Con.: 


217. Lower Needle fall+ 4 5,500 2,500 | 250 it. long. 

Zig.oFelican) tapids':...,. 8 4,700 4,300 | 1,700 ft. long. 
219. Rapids above Mud- 3 ietna ped 
fauk Tiver 2)... | 6 4100 2200) 

REINDEER RIVER} : 

DEN, (ICEL PAIGE) (3), wis 5 5,000 2,800 
221. Steep Hill rapid 20 4,800 11,000 
Cece) Weyl TAP 2,506 9 4,200 4,300 
223 ee rapid 20 4,200 9,500 
ONIN OOM) TAPE 200 Oe. 10 4,200 4,800 


RAPID RIVER: 


224. Fall and rapid 
above mouth .... 50 260 1,500 j|lncludes. a_ vertical 
fall. of) 30. ft: 


FOSTER RIVER] : 


225.6 m. above mouth} 25 | 650 1,800 | 900 ft. long. 
226. 10 m. below Sandy 
RVCOHE Wciare oad viele I Nagy 650 1,100 {1,800 ft. long. 
227.3 m. below Sandy 
CREEK ia mes. 5 650 400 | 400 ft. long. 
228. 30 m. above Sandy | 
CROOK Rica ie eink’ s 10 400 500 
MupjJATIK RIVER}: 
229. Bear rapid ...... 2 500 100 | 300 ft. long. 
230. 5 m. above Bear 
otto Ca MR Ce 12 500 700 
231. 10 m. above Bear , 
int 0 2 RR Gi Pa Me a 10 500 600 
{yes Pag ys sik 8 300 300 | 270 ft. long. 
232.1% m. above | 
Grand rapid .. g oe oe Oe 
‘ tt. long. 
233. 3m. Eee Grane {5 300 170 | 300 ft. long. 
Lo mee a ae Ae? 3 300 110 |150 ft. long. 


—=S2=_ —————— 


“The descents in these falls and rapids are taken from a report by J. B. 
Tyrrell of the Geological Survey (1896). 


19 ‘ 
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Estimateo — 
low water Avail- 
Head | flow during able 
(in open season | theoreti-. Remarks 
feet) (May to cal h.p. 
Nov.) (May to 
Second-feet | Nov.) 


Power site 


BEAVER RIVER: 


234. Grand rapid ...... 27 650 2,000 |2 m. long. 
235. Rapids above Grand 
TAPIA ee t 1,500 | Utilization of total 


power conjectural. 


La PLONGE RIVER: 


Beaaveal pyee wie wae 10 Saw mill and electric 
light for Beauval 
mission. : 


METHY RIVER: 
236. Above Whitefish 


TIVET Tyee | 40t 50 230 | Utilization of total 
237. 6 m. below Methy | power conjectural. 
Habe rN Ome | SOG) 50 60 | 24 m. long. 


*Succession of rapids extending over a distance of some 22 miles, with 
descents of from 2 to 6 feet; the h.p. given is a rough estimate of the total 
power available in these. 

tSuccession of rapids extending over a distance of 6 miles, the greatest 


descent in any one rapid being 5 feet. 


4 


Appendix III 


TABLE SHOWING THE DESCENTS ON STREAMS WHERE LACK OF 
INFORMATION PREVENTS ESTIMATING FLOW 


Notre :—There are other rapids and falls on some of the rivers given, but 
definite figures are only available as enumerated below. See general descrip- 
tion of rivers in the first part of the report. 


oe 


Power site Head in feet Remarks 


GRASS RIVER: 


CO EVAR ASU ON aU eis aout gis 
Le OO OS 2 028 ¢ REMC Ae 
BAG) Nvanientioaa Tall le nda seis 5. 
PEL INVOKLESRO WEAPON AU aul cieia/elaials 
242. 3 m. below Reed lake ......... 
243 i m. below Elbow lake ...... 

* 4 m. below Elbow lake ...... 160 yards long. 


BURNTWOOD RIVER: 


Pe MEARE ASIN EA UE oy 0 Folia cB Oe Ue allel 
WVADISHII@A MN Tall ahaa ous 

245. | Kepucte eV) Ce VIR ROUTE NY RU 
AV ASAT OA PADI your tia 

Me RMEUD I TADIC aa suiaa/asiestele 

246. \ Waskwatin fall ...........60. 
APEU ADIs UR waar 

LB SESE AUK oe: 51 1 Ca QUAM Add CAPM Plo 

247.) One mile above Leaf rapid .. 
Two miles above Leaf rapid 
ES PITITEWOOR | TADIC Iie es see's 
248. \1st Driftwood rapid ......... 


IBM PAPAC RRs Uclelhe nels welts 
249 {eae EDT CSN CONOR EEN PR Ue 


400 yards long. 
320 yards long. 
220 yards long. 


Hagle rapide. 20 0s sie oy wa 
Carob FAP d nue Opie Manuals + 


DUBAWNT RIVER: 


250, Foot: of Schultz lake juss: 
251. 2 m. below Lady Marjory lake 
252. 11 m. below Wharton lake .... 


300 yards long. 
Portage at lower part 400 
yards long. 
253 3 m. below Wharton lake .... 
‘\1 m: below Wharton lake .... 


254. 11%4 m. above Wharton lake ... 250 yards long. 


255. 1 m. below Grant lake ........ 2 miles long. 
256. Foot of Nicholson lake ....... 2%4 miles long. 
257. 10 m. above Carey lake ....... 

PER Root of Carey taker cau iswietis « 3 miles long. 
259. Foot. of Barlow takes ivy. 


260. 3 m. above Hinde lake ....... 
261. 11 m. above Hinde lake ...... 
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Power site 


KAZAN RIVER: 


262. 64 m. below Angikuni lake .... 
263. 47 m. below Angikuni lake .... 
264. 30 m. below Angikuni lake .. 
265 14 m. above Ennadai lake .... 
‘\5 m. above Ennadai lake .... 
266 {3 m. below Kasba lake .... 
* U8 m. below Kasba lake ..... 
267. 4 m. below Kasba lake ..... 


FERGUSON RIVER: 


ZOOS a TA ADOVE MOULIN e se has 
269. 2 m. below Kaminuriak lake ... 


HAy RIVER: 


2/0, (Alex apdra Ta ees ele 


FRANCES RIVER: 
271. Middle cafion 


272. Upper cafion 
LEWES RIVER: 


273. Miles 
rapid 


PELLY RIVER: 


274s FHOGIE CATON) (NOD COMA EY, 


275. Rapid below Hoole river ... 


COPPERMINE RIVER: 


IGN DLOOM EAI Ale Mae sy 


Hoop RIVER: 


277. Rapid 10 m. above mouth .... 
27S NUT BertOrce Taleo. Mau cen is 


BACKS RIVER: 


279. Rapid below lake Franklin .... 


280. Foot of Beechey lake 


eececececerecec err e eee eee eens 


ceveceoe 
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Head in feet Remarks 


10 |140 yards long. 
|% m. long. 
60 1%4 m. long. 


LW) 
oO 


Me 10 Short rapid. 


15 Irregular cascade, 


mile apart, 


a 30 3 miles long. Rocky banks 
up to 300 feet high. 

#3 30 1% miles long. 
banks 5 to 200 feet high. 


cafion and Whitehorse 

Ae 49 1|Canon, 100 
| banks 50 feet high. At 

rapid, banks are 20 feet 

and under. Total length 

of cafion and rapid, 234 


feet 


miles. 
ue 20 | Portage % mile long, % 
| mile by river. 
my) 10 200 yards long. 
ag 15 ‘|300 yards long. 
‘| sandstone banks. 
18 
250 In two falls close to each 
other. 
es WR 
a 60 Series of cascades 
miles long. 


Two sheer descents of 85 
feet and 50 feet, one 

with three 

miles of rapids below. 
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Power site Head in feet Remarks 
LOCKHART RIVER: 
ZOE Parry Tair nce aint cnt , 85 
Fall below Anderson fall.... 10 
ZEz. 2) PRA CLSOM TAL lk coos assis bibs 47 
Fall above Anderson fall..... 25 
PES) MEAL VEN BARTS ili til stented 4's % 50 
ZEA TCAS AAI reese Cig ela ols 15 
HOARFROST RIVER (tributary of Great 
Slave lake) : 
SME VCEIEN HL TdL ba sls fil boa vias einen 
286. ‘Below: Cook lake id. ooo. es 
HANBURY RIVER: 
Fall below Helen fat 
287. helen MAMAN, SiaaMts ect Skt os deal eh 
eC Tarra a iu ey pete Memes 
PES PCR SON CANON Ales 0) Uecltay 8 Portage 2 miles long. 
umewlacdonala Tale fasduws vere ss 
AU MON Liege ard Bhat ahaha Na 
PCA DID NDE aus Nad Ny alas Portage % mile long. 
200 GrOVe: Tapid ee ees nee ks Portage 7% mile long. 
“A Rapid | Oyo» Ear ee a Portage 400 yards long. 
MDCT FADIA ges PEA vice ess Portage 500 yards long. 


TYRRELL RIVER: 
COUT Ana Me Bhansali 


Appendix IV 
UTILIZED WATER-POWERS IN THE YUKON 


ae Power used , 
Head at present Remarks 


Power site ieee 
— (hp.) 


Little TWELVEMILE RIVER: 
292. Near Twelvemile river ........ 710 2,700 Yukon Gold Co. 


NortH FORK KLONDIKE RIVER: 


293.: Near Kiondike riveri....0....; 228 10,000 (| Canadian Klondike 
| |, Power Co. 


Appendix V 


MONTHLY PRECIPITATION (in inches)—MANITOBA 
(Taken from reports of the Meteorological Service) 


© 
| Year | Jan.| Feb.| Mar.|: 
jae 
1907 |2.12| .27/1.12] .99| .97| 1.5413.98| 3.90 
1908 | .44/1.80/1.8311.75/3.01| 3.1111.7612.44 
1909 | 73! .76|2.6711.5811.25| 1.54!3.841 4.75 
eo | 1910 | .25)1.56/1.65/1.49|1.65| 2.38] ..80|2.14 
S | i911 | 43]. .71|; (28}2.5716.38| 2.2712.96| 2.33 
= | 1912 | .30| .18!) .30/2.25/3.59| .91|6.11/ 1.64 
Os REN AL (ahi AL O83) a ore goa a 
os 7511.65} 1.4617.14| 2.05 


1914 WS ENE 3 Nite 
Aver- 

- age | 
for 40 | 
years | .97| .69/1. 


POOP NA BOd (OS AEs 
1908 .389 12.50] 1. 
1909 | .70} .59}i . 
PN POTO Wi N22 ie 7Oc ae) 
LORE NOG OOF tial 
U2) ANAT EO sto MAN eo Rag 
1913 |1.20|}1.40/ 1. 
1914 | 2.00) 2.60} 1. 
| Aver- 
Wii Age ' 
for 17 | 
yearseh 8s U7E TT. 


1907. |2.45| .254 
1908 His Nn ede We 
1909 |}1.10; .90;1. 
1910 S20 SSO ti hs 
1911 |1.90} .70 
1912 .30} .30 
LOLS? ETO 60 
19th 6S 30 
Aver- 
age | 
for 27 
years 


1907 
1908 
1909 
1910 
1911 i ; ‘ t . f : 
1912 L } i i : .31 | 3.93 
1913 

| 1914 
Aver- 
age 

| for 30 

| years 


Morden 


Brandon 
W 
Cn 
— 
(>) 
aS 
hh 
DWH WOONRAMWMm 
b&b BNO PO NH 
BREAD NY wh td 
COON BO CPN HS 
NOOR OCOONWN 
— 
ra) 
a 


—— 


AND Clo 


DOD OLR FED & 


Cot 
NORMNNWWWN 


Minnedosa 


* Trace of precipitation, too small to measure. 
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MONTHLY PRECIPITATION (in inches)—MANITOBA.—Continued 


o 
8 June |July |Aug.|Sep. | Oct. 
a 
2.08| 2.83 6. 79 1.13} .70| .20| .90 
iS 2 
= | 
12) | .60 
A .80 
SGD a a 
y .20 
.45) 2.151 1.60 
.96 | 3.60 
& 30 2.60) 1.35 
i: 2.65 | 2.90 
ra) .40| .90 
n .95 
5 2.05 40 
© | 
FO | 
1.68) 1.79 
8 Pc MANGE A a No 
45 1.90} 1. ‘62 D 28 95) * * 
h * * 
1.20 


.46|5.66| .48} .91}1.60; .92 
.53| .48/3.64} .91)1.88) 2.02 
Bees A a UE AN BI 
.85 1.04 | 2.50 


Norway House | York Factory | 


ORT 2 531 ONL 3ah) 30 t 680 
a | 1911 | .40| .20| .52|/2.64/1. 23 | 4.67|2.3511.92| .4512.30| .70 
ih gor 2 ol OF dh Aah Sa AO), 8211.55! .60 
BM AOL3 id. V7 B21 4212. 133 C43 
& | 19014 11.40! .28| .6211.0212.80| 15712.78/1.44 65, 1.9811.20| .27 


* Trace of precipitation, too small to measure, 
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MONTHLY PRECIPITATION (in inches) SASKATCHEWAN 


vo 
3 Year | jan.| Feb.|Mar.|Apr.| May| June |July |Aug.|Sept.| Oct. | Nov | Dec. 
Ay 
1907 224511) AOR DTS AO OL BOT Sha OD b  SP ah TO Pee hes 
1908 .90 | 1.00} 1.00) 1.03) 3217) 3.94) 2.01]2.4811.4111.45}. 530) .30 
1909 £50k eS) EO TOONS 649 P29 1 O54 783 OS bh 2 ag a oe 
1910 S45 S200 2.23 1 532.02 B54 FOO 2008 1) OL4S ) ce e a 
a 1911 $803) S40! 204 50240 192 204 1.2560 03. 35)1.29 WL ao a2 Fh 20 
< 1912 eZO Te 40} .99) 4.85 .74|2.16|2.63|1.98;} .86) .20| .60 
o 1913 22004 $35 11219 556089) SONING68 VE G20 e720 ft OG 
Q 1914 {1.10 190%: 530 1 E0205 4:85) P8702 21759 (3946) ASO AO fe ge 
Aver- 
r wage j | | 
for 12 
years 2 5/, a7 .87 2.68 | 25 PBA s57 ‘1.35 SA SO 7S 
1907 50 20 T.20 1.94}. .79| 5.72) 1.41) 2.68 1.49 .07| :40} .60 
1908 30 | 2.00} 2.05) 2.20) 1.62; 2.10)1.55|1.46|0.98| 1.29) .70| .60 
1909 70| .80)1.18|}2.85| 2.81; 1.00|7.09| 2.45} .29) .53|1.95| .80 
1910 40| .85|2.65|2.26|)3.07| 4.65)1.59/1.81]} .43] .2211.30] .80 
1917 26105 3304 281) SS. S001)  S5d8 |) 240 12042 1 Si St et Sot ees irae 
a 1912 5071) 304.70) 12014 4:83 5613.31) 1.85 )4.61) 114). 455.0 290 
= 1913 012,25) F210 bL40) 63842.24 145514 2.26) 36400. 5071.62 00 
v 1914 31.70} 1211.20) 3.07) 2:76): 2.63) 3:14 4511.58} 1.7] 45 
&) Aver- 
age 
for 22 
years | .24| .32|1.09/1.08) 1.94 
i 1910 -40} .351}; .854 .20) 2.66 
9 1911 | 
a 1912 
& | 1913 11.45/1.60} .55} .10} .52 
M 1914 ZO 2 
1907 FOV) ST. 30 75 a SSA 521 2.10 18.26 1 OO): 06 Fee ae 
1908 S16 4810 48h 2097) 9815.33) 15541. 44 181 37 i eon ees 
1909 S13) OL 28.4) SOUT B42 06 12 24) 752 1S 26 eee bed aber aie 
POLO 14 e828 hye ORT BF F298 8 LAB Lu OG 1200 fen Oe ti Cae meng 
« 1911 .63| .24]) .40|} .48| 3.63} 2.89)3.42)2.90] .571}1.56)1.38| .45 
5, 1912 LAN SEL DOF 53a! 17 Fol Ola SP B74 ASA) 20h aoe ee 
O 1913 BON TE AO 203s LOSS 7242 8214 OO) AP 72 Noes tt oan 
Ra 9n4 Pe 84h) 25 74d). 3012.22 1 81990) 4 201s. BI 20) 102 brad F O09 
Aver- 
age 
for 27 
years: | 2981) woe ae (74.42.0011 3.291) 697: 1.966 } 1011) sod) S21 et 
1907 3.20 20 vin 1.80 $265") 1. 3.360.201 Goes 65 01). .101,.7,20 
1908 501 TE2Ou T8004 toe a 4.061 0.49} 1.99) 0.46)1.35| .70| .71 
1909 OOF VOT OO sae: 4.02|6.5011.6711.17| .33}1.25| 1.60 
1910 (03.152089 969) 22025 2.651 1.04) 2/537 12001). 151) 2107 P60 
Ss 1911 OTA NAL TSA eee noe 3.8212.05) 2.81 | 1.05) 1:20) .07 1.60 
"Sy 1912 091}: .07 1; .04) ).21 13: 1.91) 2.871.35501:2.081 6h Oa ee 
We 1913 S19 06 hi SO ieee 2543 }:2125 127088 1.27) O27 ie ee a 
Oo TOF P05 AS i eo E08 h 3 3128) (391 O24 96) 22021 F 2OR aa 
Aver- 
' age | 
for 26 t 
years 1272) (4711701 1241 2.14 1" 3.3742.25 12:52 851700 aie ae 


* Trace of precipitation, too small to measure. 


| APPENDICES 297 


MONTHLY PRECIPITATION (in inches) —SASKATCHEWAN.—Continued 


7) Dp as We SAREE EOE EE SEL ORS ODEO: OTE ATOLLS FR AUES TET, MTT 


oO 
S Feb. | Mar.| Apr.| May | June | July | Aug.} Sep. | Oct. | Nov.| Dec. 
al 
1; 80} .30) .55| 2.12]1.48/2.5811.04) .01) .05| .25 
} .75| .63| .64| .65| 5.4811.2212.00)0.33/1.65} .25| .45 
rae) ASP 1181 2:39) 11766.14% 023). 571,1541:77 1.75 
Pe AO eae 79 2e261 21181 2.194 1.55) 2274 215 80 
5 4G) .30)1.54|2.40| 5.07|1.87/3.18| .56| .00! .70| .80 
g .60| .06|3.07| 3.43|2.71|2.74|2.96| .27| .45| .60 
s 1.0011.00} .25) .28| .35| 2.92|2.14|2.58|1.69| .49| .65| .10 
s .40| .48| .4011.65| 1.88) .85} .41)1.4412.60/1.05| .60 
421-501 3711.59) 2.51 (2 kan 1460). 720) 1 50'\ 264 
46\1.82| .5511.69| 2.53|2.21|}4.1311.08} .56) .15 
40|2.15| .35|2.82| .58| 7.36| .36/3.03/0.53/1.63/1.13|1.81 
75) .5511.02| .58| 4.34|3.90/1.18|1.37| .97| 1.40} 1.90 
1 45) .31| .40| .69 BANA 7n GOR ZOU AGT VOT 18 
3 Ay tt FOV 75'113.09V1,.98'1. 2.09 101177.: 04 | 21261 1,20 
= 1011.03.) 62511479 152:77'15.311.2.75).2.161.: 556) 2901.1.07 
< 8011.20) 417) .791 1.9814.7613.59 12.53) 88) <32b 11 
8 OG 6b L341 254 2 ORI 1S SON1 12 11137) 1101 156 
— | 
aly \ 
7311.03) .8211.54|. 2.63 |2.4212.53.11.44) .86) /97|: .76 
OF 82 131 30. 12842526 2058 2243} .044/ 01} :40 
46\1.01|1.66| .31}1.21| 7.60|0.65|1.58 1.23 | 85| .85| .04 
92| .20| .4011.49| 2.8813.57] .33| .58; .63| .82| .70 
101 20 B19) 2:35 Vel Say LOGE OST Age . 118) .30}) 20 
= BORO &10'):, 8092160 1721413530 12.2301.26)) 11 |S 281) ..50 
6 ODL 2201 03)1,90'0 31. 1835235 12174 2.068. .5515 40 F250 
) 40' .30;) .00| .46| 1.701-3.56|2.64/1.07|. .18| .10) * 
Ee 401 ESOP) 5402686 62147 8Y. 28°02. 801s 9741 2.2641 244) .82 
jae} 


43| 66| .41|1.69| 3.47 | 2.13 | 1.98!| 1.261 44} 49] 39 
| 


| 
ce ee ec ee ama NR RG Wa APR REET” OT NT a 


* Trace of precipitation, too small to measure. 
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MONTHLY PRECIPITATION (in inches)—ALBERTA 


vo 
g Year Apr.|May 
front 


ORY 


_ MOnNNRONA 


mwWN Hw © 
mOoN 


Banff 


1.69 | 2.60) 


* Trace of precipitation, too small to measure. 
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MONTHLY PRECIPITATION (in inches) —ALBERTA.—Continued 


—— 


© 
8 May] June] July 
A, 
1.70| 5.33) 3.93|4.49| 7.03}. 40 
3.63 110.38)1.7712.15} . 40 
4.11} 3.79|5.19|1.10!1.0611.59. 80 
1.20) 4.19]}1.95|5.25)1.84| . 40 
‘a 3.90| 4.5012.6316.4711.43| . 50 
: 2.89| 2.68|5.46|3.95|2.23/1.91 20 
ma} 1.74} 8.98|1.19|3.62| . 00 
= .79| 3.74|1.55|2.11|2.46|1.5011.70] .60 
| 
3.241 5.3012.85|3.7811.741 1.04 41 
1.60] 3.09] 2.79} 4.66] 1.32 56 
2.58} 5.36] 2.33)1.71| . 31 
2.961 1.85|3.25) .89| . 34 
b 120 132) 72 1 2025 287 2°01 93 
§ 1.95| 3.80/5.8314.49| . 26 
= 2.35| 3.03] 4.76) 4.41/1.12 10 
= .79| 3.66|4.35|4.81) . 18 
© ViBV 1 8. SAV 3242501210404 49 
; \ 
1.76) 3.41) 3.75|2.32}1 80 
85 
B2a 2) soe yay Oar 60 
ey 1.12) 3.041 4.82/2.11]1. 04 
RY. 1°87)))'5 48.230) 2.02 11) 20 
8 P72 1 L722 GS eu S6neN 54 
's 791 4.82|6.81|2.64| . 10 
= AZT 7 O08 Neu820 1. SU 07 
1.32] 4.11] 3.59] 1.94 63 
0 1.33) 2.92] 2.38/1.8411 65 
oa 2 OSM Sob L SANTI L a) -40 
2 WS4ed. O8 p70 124 06 
By 1.29| 2.67|4.0811.76|3 90 
fe 80! .71/1.2411.24 95 
3 1.60} 5.08|1.01 | 2.91 60 
~~ 
ss 
3°) 
ay 1.53| 2.45/1.99]1.78}1. 76 
S 
S PLORUST QER I Az RE S2 td: 55 
= 3011.19} 2.97)3.41| .59/1. .30 
ox 28| 1.94|1.79| 2.57 65 
5 me 237 1. 58 
- 
{e) 
cm | | 
.64| 1.44] 2.68| 1.79) 1.32 67 


* Trace of precipitation, too small to measure. 
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MONTHLY PRECIPITATION (in inches)—ALBERTA.—Continued 
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{ | Lie 


* Trace of precipitation, too small to measure. 
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MONTHLY PRECIPITATION (in inches) YUKON AND NORTHERN 
BRITISH COLUMBIA 


7 


o . 
8 Feb.| Mar.|Apr. | May| June | July | Aug. |Sept | Oct.| Nov. | Dec. 
Ay 
a CTBT Hi UTC LONPL EL {ERCP SR Sa TAME IR Ha Wad UNAS (2 [ae Seas Sara eae 
xa) 
bn § OF ae OT Ro aes 11.45] .43 
Dea .55| .65| .90/2.03) 1.0111.53 , 
“ : | 
BO NEAT GNA VEN loa het fas lobsa " 
45/1.35| .07| .15| 0.48/0.22/0.41 | 1.84) 1.01 
Bi 3811.23] .33| .47] .55/1.4411.42/1.68] 1.55 
Ss 631.06) [891° -281'1-1813.28).921 |..27 
i 651.730) 88/454 teak tae 1°30) P2142 
2 60} .10| .80| .64| .61/1.17)1.85| .47 
5 1.42/1.03 28| 1.01|1.45| 1.01 | 1.30) 2.70 
te 55! .56 7 4911.02) .45/1.89 
'®) 
| BB RTSIYT 176 1.10) 1.14] 1.05 
T5334 1) ee 23 1.28 | 2.34/ 4.09} 2. 
FPP TeOO Fh a2 1.08/1.25| .69/1.48/1.96 
30} .48/1.21] .64 8112.40! .96| .67/1.17 
Be £80) L221) 68 U68 1.67} 1.34] 1.6711.46| .60 
a 1 Se Ot 971 1.30 1.39} .86/1.60/1.05/1.70 
Ps) 2011.05| .60| .00 2.43|1.12| 2.09 
9 bay ded 0711.20) .10;} .821)1.45 
3 95 Poorest tO fe 704:. 08 
fa | : 
88) .69| .53| .53 1.58)1.9011.3211.17] 1.15 
eH UBS an aen (8 €1 63100. 86)1).261' 901.30 
at OOS 28) Of 0.47/1.70/1.75| .85| 45 
gy 45! .30! .40/2.55 2 SAN 137) PIO. 301.08 
18} .06| .30} .02 £26.) 080 1 1033 
a8 
2 
fe) 
2 


BION 2A 501 67 USS 2323.92 40 45 Pee 80) 7590 628 


* Trace of precipitation, too small to measure. 
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Water-Power Legislation 


The rivers and streams of Manitoba, Saskatchewan, Alberta and 
the Northwest Territories are under the control of the Dominion 
Government. The disposal and use of the water-powers in these pro- 
vinces and territories are regulated by Section 35 of the Dominion 
Lands Act, and by regulations established thereunder by Orders-in- 
Council. 

The following is the text of Section 35 of the Dominion Lands 
Act of 1908 as subsequently amended, followed by a copy of the 
Water-power Regulations* made under provisions of Subsection 2 of 
above section. | 


DoMINION LANDS AcT 


Section 35, Dominion Lands Act, 7-8 Edward VII, Chapter 20, as 
amended by Section 6, Chapter 27, of 4-5 George V. 


30. Lands which are necessary for the protection of any water 
supply or lands upon which there is any water-power, or which 
border upon or being close to a water-power will be required or useful 
for the development and working of such water-power, shall not be 
open to entry for homestead, for purchased homestead, or pre-emp- 
tion, or be sold or conveyed in fee by the Crown, but may only be 
leased under regulations made by the Governor in Council. 

2. Subject to rights which exist or may be created under the 
Irrigation Act, the Governor in Council may make regulations: (a) 


* These regulations were made to apply to all forest reserves and parks 
by order of His Excellency the Governor-General in Council dated June 6, 
1911, and by order of His Royal Highness the Governor-General in Council 
dated August 2, 1913, in virtue of the provisions of subsection (b) of section 
17 of the Dominion Forest Reserves and Parks Act. 

These regulations were made to apply to all school lands by order of His 
Royal Highness the Governor-General in Council, dated the 9th of February, 
1915. 

By virtue of the provisions of the Railway Belt Water Act, 2 George V, 
Chapter 47, and the Railway Belt Water Act, 1913, 3-4 George V, Chapter 45, 
all water within the Railway Belt of British Columbia is administered under 
and in accordance with the provisions of the Water Act, 1909, and amendments 
thereto, by the Province of British Columbia, except only the territory included 
within Dominion Parks. 
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for the diversion, taking or use of water for power purposes, and the 
granting of the rights to divert, take and use water for such purposes, 
provided that it shall be a condition of the diversion or taking of 
water that it shall be returned to the channel through which it would 
have flowed if there had been no such diversion or taking, in such 
manner as not to lessen the volume of water in the said channel; (0b) 
for the construction on or through Dominion or other lands of sluices, 
races, dams or other works necessary in connection with such diver- 
sion, taking or use of water; (c) for the transmission, distribution, 
sale and use of power and energy generated therefrom; (d) for the 
damming of and diversion of any stream, watercourse, lake or other 
body of water for the purpose of storing water to augment or increase 
the flow of water for power purposes during dry-season; (e) for fix- 
ing the fees, charges, rents, royalties or dues to be paid for the use 
of water for power purposes, and the rates to be charged for power 
or energy derived therefrom. 

3. Any person who under such regulations is authorized to divert, 
take or use water for power purposes, or to construct works in con- 
nection with the diversion, taking or use of water for such purposes, 
shall for the purposes of his undertaking have the powers conferred 
by the Railway Act upon railway companies, inciuding those for the 
acquisition and taking of the requisite lands, so far as such powers 
are applicable to the undertaking and are not inconsistent with the 
provisions of this Act or the regulations thereunder, or with the 
authority given to such persons under such regulations—the provi- 
sions of the said Railway Act giving such powers being taken for the 
purposes of this section to refer to the undertaking of such person 
where in that Act they refer to the railway of the railway company 
concerned. 

4. All maps, plans and books of reference showing lands other 
than Crown land necessary to be acquired by any such person for 
right of way or other purposes in connection with his undertaking 
shall be signed and certified correct by a duly qualified Dominion land 
surveyor. 

5. Such maps, plans and books of reference shall be prepared in 
duplicate, and one copy thereof shall be filed in the office of the Min- 
ister at Ottawa, and the other shall be registered in the land titles 
office for the registration district within which the lands affected are 
situated. 

6. The Minister, or such officer as he designates, shall in case of 
dispute, be the sole and final judge as to the area of land which may 
be taken by any person without the consent of the owner for any 
purpose in connection with any water-power undertaking. 
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WATER-POWER REGULATIONS 


Regulations established and approved by His Excellency the Governor- 
General in Council dated June 2, 1909, June 8, 1909, April 20, 1910, 
January 24, 1911, June 6, 1911, August 12, 1911, and by His Royal 
Highness the Governor-General in Council dated August 2, 1913, 
and February 9, 1915, in virtue of the provisions of subection 2 of 
section 35, of the Dominion Lands Act, 7-8 Edward VII, Capter 20, 
and of the provisions of subsection (0) of section 17 of the Domin- 
ion Forest Reserves and Parks Act, 1-2 George V, Chapter 10, 
to govern the granting and administration of water-power rights 
in the provinces of Manitoba, Saskatchewan and Alberta, and in 
the Northwest Territories, and in Dominion Parks within the 
Railway Belt of British Columbia, and of all school lands. 


1. Under these regulations the word “works” shall 

eitran ti of be held to mean and include all sluices, races, dams, 
weirs, tunnels, pits, slides, flumes, machines fixed to the 

soil, buildings and other structures for taking, diverting and storing 


water for power purposes, or for developing water- ae and render- 
ing the same available for use. 


2. Every applicant for a license to take and use 


Mode A water for power purposes shall file with the Minister 
Chu aunts of the Interior a statement in duplicate setting 
Torta. 


(a) The name, address and occupation of the applicant. 

(b) The financial standing of the applicant so far as it relates to 
his ability to carry out the proposed works. 

(c) The character of the proposed works. 

(d) The name, or if unnamed,.a sufficient description of the river, 


lake or other source from which water is proposed to be 
taken or diverted. 


(€) The point of diversion. 

(f) The height of the fall or rapid of such river, lake or other 
source of water at high, medium and low stages, with cor- 
responding discharges of water per second, reckoned approx- 
imately in cubic feet. 

(g) A reasonably accurate description, and the area, of the lands 
required in connection with the proposed works, such lands, 
if in surveyed territory, to be described by section, township 
and range, or river or other lot, as the case may be, and a 
statement whether such lands are or are not Dominion lands. 
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(4) If such lands be not Dominion lands, then the applicant shall 
give the name of the registered owner in fee, and of any 
registered mortgagee or lessee thereof, and of any claimant 
in actual possession other than a registered owner, mortgagee 
or lessee. 

(¢) The minimum and maximum amount of water-power which 
the applicant proposes to develop, and the maximum amount 
of water which he desires for such purpose. 

(4) Sketch plan showing approximate locations of the proposed 
works. 

(k) Elevations of head water and tail water of the nearest exist- 
ing works, if any, below and above the proposed works. 

(!) Particulars as to any water to be taken, diverted or stored to 
the detriment of the operation of existing works, if any. 

(m) Particulars as to any irrigation ditches or reservoirs, or other 
works for irrigation within the meaning of The Irrigation 
Act, in use or in course of construction within the vicinity of 
the proposed works, and which might affect or be affected 
by the operation of the proposed works. 


3. If the applicant be an incorporated company, the 
Application by = statement shall, in addition to the foregoing informa- 
a Company : 
tion, set forth,— 

(a) The name of the company. 

(b) The names of the directors and officers of the company and 
their places of residence. 

(c) The head office of the company in Canada. 

(d) The amount of subscribed and paid-up capital, and the pro- 
posed method of raising further funds, if required, for the 
construction and operation of the proposed works. 

(e) Copy of such parts of the charter or memorandum of asso- 
ciation as authorize the application and proposed works. 


- 4. If the applicant be a municipality, then, exclud- 
Application by ing the special information to be given by a company, 
RRM Rae following information shall be given :— 
(a) The location, area and boundaries of the municipality. 
(b) The approximate number of its inhabitants. 


(c) The present estimated value of the property owned by such 
municipality, and the value of the property subject to taxa- 
tion by such municipality. 
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Minister hing 5. The Minister of the Interior shall have the power 
Request Further to call for such other plans and descriptions, together 
Information with such measurements, specifications, levels, profiles, 
elevations and other information as he may deem necessary, and the 
same shall be furnished by and at the expense of the applicant. 


The Agreement for,—(a) A license for the diversion and use of 
water. (0) A lease of the necessary lands. 


UIIN Be . 6. Upon receipt and consideration of the applica- 
License or tion, and information accompanying same, the Min- 
Lease ister of the Interior may, if he approves of the pro- 
posed works, enter into an agreement with the applicant, which agree- 
ment, in addition to usual conditions and covenants, shall contain 
clauses to provide as follows :— 


(a) For a time within which the proposed works shall be begun. 


(6) For a stated minimum amount of expenditure to be made in 
connection with the works annually during the term of the 
agreement. : 

(c) For a stated amount of water-power to be developed from 
the water applied for within a fixed period not exceeding five 
years. 

(d) For summary cancellation of the agreement by the Minister 
if any of the above conditions have not been complied with. 

(e) For defining and allotting the areas of Dominion lands within 
which the applicant may construct and operate the proposed 
works; and if there be no Dominion lands available for such 
purpose then for defining and allotting the lands in regard to 
which the applicant may exercise the powers given under 
section 35, subsection 3, of the Dominion Lands Act. 

(f) For granting a license to the applicant, upon fulfilment of the 
said agreement, to take, divert and use for power purposes a 
stated maximum amount of water, in accordance with the 
application, and plans and specifications as approved by the 
Minister; the term of such license to be twenty-one years 
at a fixed fee payable annually, and such license to be renew- 
able as provided for in these regulations. 

(g) For granting a lease to the applicant of such Dominion lands 
as may be allotted under paragraph (e) of this section, and 
approved of by the Minister, such lease to be at a fixed 
rental, for a term of twenty-one years running concurrently 
with the said license, and renewable in like manner, and as 
near as may be subject to all the terms and conditions there- 
of. When there are no Dominion lands available for such 
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purpose, or when other lands are considered by the Minister 
to be more suitable for such purpose, then the Minister shall 
define such lands in regard to which the applicant may exer- 
cise the powers given under section 35, subsection 3, of the 
Dominion Lands Act. 


Tacectinn Get %. During the construction of any works for the 
Construction development of water-power the Minister of the In- 
Work terior, or any engineer appointed by him for that pur- 
pose, shall have free access to all parts of such works for the purpose 
of inspecting same, and ascertaining if the construction thereof is in 
accordance with the plans and specifications approved of by the Min- 
ister, and whether the terms of the agreement, as provided for in the 
preceding section, are being fulfilled. 


Pd. etl 8. Upon fulfilment by the applicant of the condi- 
Diversion and __ tions of the said agreement, the Minister of the Interior 
Use of Water — shall grant to the applicant a license as agreed upon, 
and such license shall contain clauses to provide as follows :— 

(a) The term of the license shall be twenty-one years, renewable 
for three further consecutive terms of twenty-one years each, 
at a fixed fee payable annually and to be readjusted at the 
beginning of each term, as hereunder provided. 

(6) At the expiry of each term of twenty-one years the Governor 
in Council may, on the recommendation of the Minister, 
order and direct that the license and any lease granted in con- 
nection therewith be cancelled: Provided that the Minister 
shall have given at least one year’s notice to the licensee of 
intention so to cancel. 

(c) If the licensee shall refuse to pay the license fee as readjusted 
by the Governor in Council, or as fixed by arbitrators chosen 
as provided in paragraph (¢) hereunder, then in such case 
the Minister may renew the license at the former fee, or the 
Governor in Council may, on the recommendation of the Min- 
ister, order and direct that the license and any lease issued 
in connection therewith be cancelled. 

(d) In cither of the above cases compensation shall be paid to the 
licensee as provided for in paragraph (e) hereunder. 

(e) On termination of the third renewal of such license, except in 
case of default on the part of the licensee in observance of 
any of the conditions thereof, or of any lease granted in con- 
nection therewith, compensation shall be paid for the works 
to the amount fixed by arbitration, one arbitrator to be ap- 
pointed by the Governor in Council, the second by the 
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licensee, and the third by the two so appointed. If the licensee 
fails to appoint an arbitrator within ten days after being 
notified by the Minister to make such appointment, or if the 
two arbitrators appointed by the Governor-General in Council 
and the licensee fail to agree upon a third arbitrator within ten 
days after their appointment, or within such further period as 
may be fixed by the Minister, in either such cases such ar- 
bitrator or third arbitrator, as the case may be, shall be 
appointed by the Judge of the Exchequer Court of Canada. In 
fixing the amount of compensation only the value of the actual 
and tangible works and of any lands held in fee in connection 
therewith shall be considered, and not the value of the rights 
and privileges granted, or the revenues, profits or dividends, 
being, or likely to be derived therefrom. 


(f) The license shall state the maximum amount of water which 


the licensee may divert, store and use for power purposes, and 
shall provide for the return to the stream, or other source of 
water, of the full amount so diverted. 


(g) The licensee shall develop such power as, in the opinion of 


the Minister, there shall be a public demand for, up to the 
full extent possible from the amount of water granted by the 
license. 


(4) Upon a report being made by the Minister of the Interior to 


the Governor in Council that the licensee has not developed 
the amount of power for which there is a public demand, and 
which could be developed from the amount of water granted 
by the license, the Governor in Council may order to be 
developed and rendered available for public use the addi- 
tional amount of power for which there is, in the opinion of 
the Minister, a public demand, up to the full extent possible 
from the amount of water granted by the license, and within 
a period to be fixed by the Minister, which period shall not 
be less than two years after the licensee or person in charge 
of the existing works shall have been notified of such order, 
and in default of compliance with such order the Governor 
in Council may direct that the license, together with any 
lease issued under these regulations, shall be cancelled, and 
the works shall thereupon vest and become the property of the 
Crown without any compensation to the licensee. 


(t) Upon a report being made by the Minister of the Interior to 


the Governor in Council that a greater amount of water- 
power could be developed advantageously to the public inter- 
ests from the same stream or other source of water from 
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which the existing works derive power and (lst) that the 
existing works could be enlarged or added to for such pur- 
pose, then the Governor in Council may authorize the Min- 
ister to offer the licensee the privilege of constructing and 
operating such enlarged or additional works at or in the 
vicinity of the existing works, and to grant such supple- 
mentary license as he may consider proper for such purpose, 
and if the licensee fail within six months thereafter to accept 
such offer, and in good faith to begin and carry on to com- 
pletion such enlarged and additional works, and to complete 
same in accordance with plans and specifications approved of 
by the Minister, and within a fixed period not to exceed five 
years, and upon like conditions as the existing works were 
begun and completed; or (2nd) if the Minister shall report 
to the Governor in Council that the existing works, owing to 
their location or construction, cannot advantageously be en- 
larged or added to in order to develop further power suffi- 
cient to meet the probable demand, or would be a hindrance 
to other works contemplated for such purpose; or (3rd) that 
the existing works cannot, or will not, be any longer advan- 
tageously operated owing to the exercise of rights existing or 
created under the Irrigation Act; then in every such case, 
the Governor in Council may order and direct that the license, 
and any lease in connection therewith, and all rights there- 
under, shall be cancelled, and the existing works shall there- 
upon vest in and become the property of the Crown: Pro- 
vided always that in every such case compensation shall be 
paid to the licensee as provided for in paragraph (e) of sec- 
tion 8 of these regulations, together with a bonus apportioned 
as follows :— 
(1) If the works have been in operation less than five years, 
a thirty per cent bonus upon the value of the works. 
(2) If in operation more than five years, and less than ten 
years, a twenty-five per cent bonus. 
(3) If in operation more than ten, and less than fifteen years, 
a twenty per cent bonus. 
(4) If in operation more than fifteen, and less than twenty 
years, a fifteen per cent bonus. 
(5) If in operation twenty years or more, a ten per cent bonus. 
(7) That the license shall not be transferable without the written 
consent of the Minister, and that if the licensee fail to keep 
and observe all or any of the conditions of the license, or any 
renewal thereof, or of any lease to be issued in connection 
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therewith, then the license, together with such lease, shall 
in every such case be subject to cancellation by the Exchequer 
Court on the application of the Crown. 


(k) That a schedule of rates and prices to be charged to the pub- 


lic for the use of power shall first be submitted by the licensee 
to the Board of Railway Commissioners of Canada for ad- 
justment and approval before being put into effect, and that 
no rates or prices for power shall be legal or enforceable 
until such schedule has been so adjusted and approved nor 
if they shail exceed the amount fixed by such schedule; and 
that such schedule shall be readjusted and approved by the 
Board every seven years during the term of the lease and 
license, and all renewals thereof. 


(14) That for the purpose of ascertaining the quantity of power 


actually developed, or capable of being developed, from the 
amount of water granted by such license, the Minister, or 
any engineer appointed by him for that purpose, shall have 
free access to all parts of the works, and to all books, plans 
or records in connection therewith, bearing on the quantity 
of power developed, and may make measurements, take ob- 
servations and do such other things as he may consider 
necessary or expedient for such purpose, and the findings 
of the Minister, or such engineer, thereon shall be conclusive 
and binding upon the licensee. 


(m) For the proper provision, as required by law, for the passage 


of logs and timber down the stream or other waterway 
affected by the works. 


(1) For the erection and maintenance by the licensee of a durable 


and efficient fishway in the stream or other waterway affected 
by the works when so required by the proper officer or 
authority in that behalf. 


(9) That the licensee shall have no right to any water beyond. 


(?) 


the amount stated in the license. 


For the indemnifying of the Crown against all actions, claims 
or demands against it by reason of anything done by the 
licensee in the exercise, or purported exercise, of the rights 
and privileges granted under the lease or license. 


9. The agreements and licenses to be issued hereunder shall, sub- 
ject always to the provisions of these regulations, be in such form 
and contain such provisions as the Minister may from time to time 
determine. 
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10. If at any time it is proposed by the applicant or 

a a of the licensee to divert water from any lake or body of 
water for storage purposes, or to dam same in order 

to augment the flow of water in any stream from which water-power 
is to be developed, the applicant or licensee shall, in addition to other 
information required under these regulations, file plans as follows :— 


(a) A general plan in duplicate, on tracing linen, showing the 
location of such lake or other body of water, and the lands 
to be submerged or otherwise affected, and contour lines 
showing the water level at high and low stages, and the 
level to which it is proposed to raise such water for storage, 
and the estimated storage capacity of such lake or other body 
of water. 

(6) A plan in duplicate, from actual survey, by a Dominion land 
surveyor, and certified to by him, showing the lands to be 
submerged or otherwise affected by the proposed storage; the 
name of the registered owner in fee of such lands, and of 
any registered mortgagee or lessee thereof, and of any 
claimant in actual possession other than a registered owner, 
mortgagee or lessee. 

(c) A detail plan in duplicate on tracing linen, showing all dams 
and other works proposed to be constructed in connection 
with such storage. 


11. When the plans for such storage of water have been approved 
of by the Minister of the Interior, provision for same shall be made 
in the agreement for a license, or in the license itself, or in a sup- 
plementary license to be issued for such purpose, upon such terms 
and conditions as may appear to the Minister reasonable or expedient 
in the circumstances of each case, and subject to these regulations. 


12. If upon receipt and consideration of the infor- 
Small mation set out in sections 2, 3, 4 and 5, the water- 
(cepa as power to be developed is found to have no greater 
capacity than 200 horse-power at the average low stage of water, the 
Minister may issue a lease and a license as may be required, author- 
izing the development of the proposed power; the lease and license 
to be for a period of ten years, subject to such special terms and 
conditions as may be considered advisable in each particular case and 
renewable if in the opinion of the Minister the power has been con- 
tinuously and beneficially used. 


APPENDIX VII 
Bibliography 


The following bibliography is not presented as an exhaustive com- 
pilation of references on the rivers of Manitoba, Saskatchewan, Alberta 
and the Territories, but those enumerated will be found of interest 
from a water-power viewpoint. 


ASSINIBOINE RIVER— 
Geological Survey, Report, Vol. V, 1890-91—part E. 
Department of the Interior, Water Power branch, Water Resources Paper 
No. 7. 


ATHABASKA RIVER— 
Geological Survey, Report, Vol. V, 1890-91—part D. 
Department of Public Works, Report for 1912, Vol. I—part IV, p. 243. 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports since 1912. 
Department of the Interior, Water Power branch, Annual Report for 
1912-13. 
Department of the Interior, Water Power branch, Water Resources Paper 
No. 16. 
Backs RIvER— 
Captain Back’s Arctic Land Expedition of 1833 to 1835. 


BATTLE RIVER— 
Geological Survey, Report, Vol. IIT, 1886—part E. 
_ Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports since 1911. 
BEAVER RIvER (SASK.)— 
Geological Survey, Report, Vol. VIII, 1895-96—part D. 
BELANGER RIVER— 
Geological Survey, Report, Vol. XI, 1898—part G. 
Department of the Interior, Water Power branch, Water Resources Paper 
No. 7. 
BELLY RIVER— 
Department of the Interior, Report for 1895—part III, p. 110. 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports since 1909. 


BERENS RIVER— 
Geological Survey, Report, Vol. II, 1886—part F. 
Department of the Interior, Water Power branch, Water Resources Paper 
No. 7. 
Bic Biack River (MANn.)— 
Geological Survey, Report, Vol. XI, 1898—part G. 
Department of the Interior, Water Power branch, Water Resources Paper 
‘No. 7. 
BLACK RIVER (MAN.)— 
Geological Survey, Report, Vol. XI, 1898—part G. 
BLACK RIVER (NorRTHERN SASK. )— 
Geological Survey, wieanei Vol. VIII, 1895-96—part D. 
BLAKISTON Brook— 
Department of the Interior, Topographical Surveys, Report for 1908-09, 


p. 226. 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports for 1909, 1910, 1913. 
BLINDMAN RIVER— 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports since 1910. 
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BLOOpVEIN RivER— 
mia gy of the Interior, Water Power branch, Water Resources Paper 
04/2; 
Bow RiIver— 
Department of the Interior, Report for 1895—part III, p. 69. 
Geological Survey, Report, 1882-84—part C 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports since 1909 
Department of the Interior, Water Power branch, Water Resources Paper 


No, 2. 

Department of the Interior, Water Power branch, Annual Report for 
1912-13. 

Department of the Interior, Water Power branch, Water Resources Paper 
No. 16. 


BRAZEAU RIVER— 
Geological Survey, Report, Vol. XI, 1898—parts A and D. 
Geological Survey, Report, Vol. II, 1886—part E 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports since 1912, 
BrROKENHEAD River (Man.)— 
Department of the Interior, Water Power branch, Water Resources Paper 
No. 7 
BuRNTWOOpD RIvVER-— 
Geological Survey, Report, Vol. XIII, 1900—parts F and FF. 
Carrot River (MAN.)— 
Geological Survey, Memoir No. 30. 


CascaDE RIvVER— 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports since 1910. 
Department of the Interior, Water Power branch, Water Resources Paper 


NON 2: 

Department of the Interior, Water Power branch, Annual Report for 
1912-13. 

Department of the Interior, Water Power branch, Water Resources Paper 
No. 16. 


CLEARWATER RiveER (WESTERN ALTA. )—— 
Geological Survey, Report, Vol. II, 1886—part E. 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports for 1912, 1914. 


CHURCHILL RIVER— 
Geological Survey, Report, Vol. XIII, 1900-—part FF. 
Geological Survey, Memoir No. 30. 
Geological Survey, Report 1878-79—part C. 
Geological Survey, Report, Vol. VIII, 1895-96—part D. 
Department of the Interior, Water Power branch, Water Resources Paper 
NOM; 
Department of the Interior, Water Power branch, Water Resources Paper 
No. 16. 
CocHRANE RIVER— 
Geological Survey, Report, Vol. IX, 1896—part F. 
COPPERMINE RIVER— 
Franklin's First Voyage. 
Hearne’s Journey. 
Trans. of Canadian Mining Institute, Vol. XV, 1912, and Vol. XVI, 1913. 
CREE RIVER— 
Geological Survey, Report, Vol. VIII, 1895-96—part D. 
CROWNEST RIVER— 
Department of the Interior, Topographical Surveys, Reports for 1908-09, 
vk B 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports since 1909. 
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DAUPHIN RIVER— 
Geological Survey, Report, Vol. IV, 1888-89—part A. 
Department of the Interior, Water ‘Power branch, Water Resources Paper 


No. 7. 
Department of the Interior, Water Power branch, Water Resources Paper 


No. 16 
DAUPHIN (LAKE)— 
Geological Survey, Report, Vol. V, 1890-91—part E. 
Department of the Interior, Water Power branch, Water Resources Paper 
WVO;\i7. 
DuUBAWNT RIVER— 
Geological Survey, Report, Vol. IX, 1896—part F. 
ExLspow RiIvErR— 
Department of the Interior, Report for 1895—part TIT, p72. 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 


gress Reports since 1909. 
Department of the Interior, Water Power branch, Water Resources Paper 


WVO. 2: 

Department of the Interior, Water Power branch, Annual Report for 
1912-13. 

Department of the Interior, Water Power branch, Water Resources Paper 
No. 16. 


EZOMAMI RIVER— 
Geotogical Survey, Report, Vol. XI, 1898—part G. 
FArIrRForD RivER— 
Geological Survey, Report, Vol. IV, 1888-89—part A. 
Department of Public Works, Report for 1868-1882, p. 536. 
Department of the Interior, Water Power branch, Water Resources Paper 
NOL 
Department of the Interior, Water Power branch, Water Resources Paper 
No. 16 
FERGUSON RIvVER— 
Geological Survey, Report, Vol. IX, 1896—part F. 
Pisa CrEEK— 
Department of the Interior, Report for 1895—part III, p.°75. 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports since 1909. 
Foster RIvER— 
Geological Survey, Report, Vol. VIII, 1895-96—part D. 
FRANCES RIvER— 
Geological Survey, Report, Vol. III, 1887-88—part B. 
Guost RivER— 
Department of the Interior, Irrigation beach! Stream Measuremenis Pro- 
gress Reports since 1909. 
Department of the Interior, Water Power branch, Water Resources Paper 
No. 2 
GErxkIE RiveEr— 
Geological Survey, Report, Vol. VIII, 1895-96—part D. 
Grass RivER— 
Geological Survey, Report, Vol. XIII, 1900—part F. 
GRAVEL RIVER— 
Geological Survey, Report No. 1097, 1910. 
GUNISAO RIVER— 
Geological Survey, Report, Vol. XI, 1898—part G. 


HANBURY RIVER— 
Department of the Interior, Report by J. W. Tyrrell, 1901. 
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Hay RIver— 
Geological Survey, Report, Vol. IV, 1888-89—part D. 
Haves RIVER— 


Geological Survey, Memoir No. 30. ‘ 
Portree ne of the Interior, Water Power branch, Water Resources Paper 
Oss 


Geological Survey, Report for 1877-78—part CC. 
HicHwoop RivErR— 
Department of the Interior, Report for 1895—part III, p. 77. 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports since 1909, 
Hoarrrost RIVER (TRIBUTARY OF GREAT SLAVE LAKE)— 
Captain Back’s Arctic Land Expedition of 1833 to 1835, 
HUNKER CREEK (YUKON )— 
Geological Survey, Report, Vol. XIV, 1901—part B. 
JUMPINGPOUND CREEK (ALTA.)— 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports since 1909. 
KANANASKIS RIVER— 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports since 1910. 
Department of the Interior, Water Power branch, Water Resources Paper 
No. 2. 
KAZAN RIVER— 
Geological Survey, Report, Vol. IX, 1896—part F. 
KLONDIKE RIVER— 
Geological Survey, Report, Vol. XIV, 1901—part B. 
LEE CREEK— 
Department of the Interior, Report for 1895—part III, p. 113. 
Department of the Interior, Topographical Surveys, Report for 1908-09, 
pw Zi7, 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports since 1909. 
LESSER SLAVE LAKE— 
Geological Survey, Report, Vol. V, 1890-91—part D. 
LESSER SLAVE RIVER—- 
Department of Public Works, Report for 1912, Vol. I—part IV, p. 244. 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Report for 1914. 
LEwEs RivER— 
Geological Survey, Report, Vol. III, 1887-88—part B. 
Geological Survey, Report No. 1050, 1909. 
Department of the Interior, Report for 1887—part II, p. 64. 
LiarD RIVER— 
Geological Survey, Report, Vol. III, 1887-88—part B. 
Geological Survey, Report, Vol. IV, 1888-89—part D. 
Lirtte Bow RivEr— 
Department of the Interior, Report for 1895—part III, p. 79. 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports since 1910. 
LocKHARYT RIVER (TRIBUTARY OF GREAT SLAVE LAKE) — 
Department of the Interior, Report by J. W. Tyrrell, 1901. 


MACKENZIE RIVER— 
Geological Survey, Report, Vol. IV, 1888-89—part D. 


MANIGOTAGAN RIVER— 
Geological Survey, Report, Vol. XI, 1898—part G. 
Department of the Interior, Water Power branch, Water Resources Paper 
No. 7. 


MANITOBA (LAKE)— 
Geological Survey, Report, Vol. V, 1890-91—part E. 
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MAPLE CREEK— 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports since 1909. 
Merapow Portacre (Man.)— 
Geological Survey, Report, Vol. IV, 1888-89—part A. 
Department of the Interior, Water Power branch, Water Resources Paper 
No. 7. 
McLrop RivER— 
Geological Survey, Report, Vol. XI, 1898—parts A and D. 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports since 1912. 
Department of the Interior, Water Power branch, Annual Report for 
1912-13. 
Mix RivER— 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports since 1909. 
U. S. Geological Survey, Water Supply Papers, Hudson Bay Basin, Pro- 
gress Reports since 1899. 
MINNEDOSA, (LitTLe SASKATCHEWAN) RIvER— 
Department of the Interior, Water Power branch, Water Resources Paper 
No. 7. 
Moose JAW CREEK-— 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports since 1910. 
Mossy RivEr— 
Geologica] Survey, Report, Vol. V, 1890-91—part E. 
Department of the Interior, Water Power branch, Water Resources Paper 
No. 7. 
MupJATIK RIVER— 
Geological Survey, Report, Vol. VIII, 1895-96—part D. 
NELSON RIVER— 
Geological Survey, Memoir No. 30. 
Department of Public Works, Reconnaissance Survey of Nelson River, 
by E. S. Miles, 1909. 
Department of the ‘Interior, Water Power branch, Water Resources Paper 
No. 7. 
Report by W. Ogilvie, D.L.S., for the Water Power branch of the Depart- 
ment of the Interior, 1910. 
Geological Survey, Report for 1878-79—part C. 
Geological Survey, Report for 1877-78—part CC. 
Department of the Interior, Water Power branch, Water Resources Paper 
No. 16. 
Nosk CrEEK— 
Department of the Interior, Report for 1295—part III, p. ‘72. 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports since 1909, 
Om CREEK— ; 
Department of the Interior, Topographical Surveys, Report for 1905-09, 
p. 224. 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports for 1909, 1910, 1913. 
OLDMAN RIvVER— 
Department of the Interior, Report for bags as III, p. 107. 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports since 1909. 
PEACE RIVER— 
Geological Survey, Report, Vol. V, 1890-91—part D. 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Report for 1912. 
PELLY RIivER— 
Geological Survey, Report, Vol. III, 1887-88—part B. 
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PemBina River (ALTA.)— 
Geological Survey, Report, Vol. XI, 1898—parts A and D. 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports since 1913. 
PEMBINA RIvER (Man.)— 
ge ag of the Interior, Water Power branch, Water Resources Paper 
0. 7. 
U. S. Geological Survey, Water Supply Papers, Hudson Bay Basin, Pro- 
gress Reports since 1903. 
PIcEOoN RIVER— 
Geological Survey, Report, Vol. XI, 1898—part G. 
rien of the Interior, Water Power branch, Water Resources Paper 
Oi '4; 
PINCHER CREEK— 
Department of the Interior, Irrigation branch, Stream Measurements Pro- 
gress Reports since 1909. 
PINE CREEK— 
Department of the Interior, Report for 1895—part III, p. 104. 
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